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your ‘“SPHYG’’ 


TELLS THE 
CLINICAL STORY 


a is believing in the treatment of 
vascular hypertension. Your own sphyg- 
momanometer shows what Hepvise can do 
in reducing blood pressure. 


Hepvisce is a synergistic combination of two 
useful hypotensive drugs; namely, hexani- 
trate of mannitol and viscum album extract. 
Clinical studies and also pharmacological 
tests on cats show substantial reductions of 
blood pressure with its use. 


Hypertensive headaches are relieved by 
Hepvisce. 


COMPOSITION 
Each tablet contains 8 
mg. hexanitrate of 
mannitol and 50 mg, 
solid extract viscum al- 


bum. 

DOSAGE 
2 tablets three or four 
times daily as needed. 


Supplied in Bottles of 
50-500-1000 tablets. 


AVAILABLE AT ALL DRUG STORES 


Complete Literature and Professional Samples Sent upon Request 


=== ANGLO -FRENCH LABORATORIES, INC. == 


75 VARICK STREET, NEW YORK 13, N. Y. 
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ORIGINAL ARTICLES 
BLOOD TEMPERATURE AND ITS CONTROL® 


By H. C. Bazetr, 
PHILADELPHIA 


M.D. 


PENNSYLVANIA 


Fr 1 the De partment of Physiology, Medical School, 


BLoop temperature is a term often 
ed loosely, in which blood temper- 
ture is confused with body temper- 
re. Blood temperature is usually 
ight to be regulated at some con- 
tant level. It is in no wavy constant. 
shows great fluctuations from time 
time and from place to place, and 
itrolled fluctuations in peripheral 
utilized to regulate the 
iperature in the central vessels at a 
re or less constant level. The blood 
is a common carrier of heat from 
area to another, a function which 
icompatible with a constant thermal 
|. The regulation of this circulatory 
ctlon appears to depend on at least 
iechanisms: the direct reaction of 
vessels to temperature levels: 
ex responses to thermal sensations; 


sels are 


the reactions of two reciprocal 
rs in the hypothalmus to the tem- 
iture levels to which they are 
sed, through which the tempera- 
of the blood supplying them is 
tlated. Malfunction of the whole 
hanism is commonly attributed to 
le failure of these higher centers; 
. limited point of view is apt to 


University of Pennsylvania ) 


be inaccurate, and should not be adop- 
ted even tentatively. 

The inconstancy of blood tempera- 
ture, and its function as a regulating, 
rather than a regulated, factor, has 
been known since the days of Claude 
Bernard, who himself described it. 
However, the magnitude of these vari- 
ations generally has not been recog- 
nized. Modern catheterization, with the 
use of non-wetting plastics, allows 
thermocouples to be left in place for 
that much more definite 
information has become available. Fig- 
ure 1 illustrates such a thermocouple 
encased in a plastic tube of less than 
0.5 mm. diameter and inserted 4.5 cm. 
up the brachial artery. It is quite easy 
to insert such catheters for 20 cm. or 
more and to reach the abdominal aorta 
or vena cava from the femoral region, 
or to travel along other similar vessels. 

The variability of the venous temper- 
ature has been generally accepted, as 
has that of capillary blood. It is incon- 
ceivable that large temperature differ- 
ences could exist between the blood in 
such vessels and the tissues, separated 
as they are by such thin membranes. 


hours. SO 


e fourteenth Hughlings Jackson lecture delivered at the Montreal Neurological Institute, 


l University, Montreal, on May 13, 
nce Medical Research Fund Grant 


1949, reviewing recent work supported by a Life 


(483 ) 
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On the other hand, arterial temper- 
ature, with blood flowing rapidly to 
the periphery, is usually supposed to be 
relatively Actual 
ments® show such a conclusion to be 


constant. measure- 
quite erroneous except in a very warm 
environment. Thus temperatures have 
been observed as low as 21.5° C in 
the radial artery in a room at 9° to 
10.5° C, 25.1° in the dorsalis pedis 
in a room at 20°, and 31.1° in the 
brachial artery in a room at 13.3°. In 
the last case the low temperature was 
due in part to immersion of the limb 


warmed. The close association of vein 
with peripheral arteries explains thes« 
anomalies, since the heat lost by the 
arteries should reheat the cooled blood 
in the veins. The falling gradients of 
temperature in the arteries are matche: 
by rising gradients in the returnin; 
venous blood. Light compression 0 
these veins below a point of measure 
ment of arterial temperature interfer: 
with their cooling effect on the artery 
above it and can cause a marked ris« 
of arterial temperature. The exchang 
of heat between artery and vein ha 


Fic. |] 


distal to the point of measurement for 
short periods in cold water. That the 
environmental temperature affects the 
thermal gradients between the brachial 
and radial arteries, as well as their 
levels, is shown in Figure 2. This fig- 
ure also indicates that arterial tem- 
peratures may be modified very readily 
by exposure of the limb to local cool- 
ing (or warming) considerably distal 
to the point of measurement. _ 
Cooling of blood flowing in an 
artery of the degree indicated implies 
a large exchange of heat, yet surfaces 
of overlying arteries are not detectably 


Roentgenogram of plastic covered thermocouple introduced into the brachial arte 


also been demonstrated in animal ey 

by Dr. Leon Eisenberg?2 
periments by Dr. Leon Eisenberg 
the perfusion of cool saline into a vein 
No extensive proof of this heat ex- 
change is needed, since the known a1 
tomical relationships of periphe: 
arteries with venae comites renders t 


existence of such exchange inevitable 
Indeed this exchange appears to be the 
main function of the arrangement. It 
is surprising that its importance was 
not recognized earlier on mere theo- 
retical grounds. 

Other evidence of the large heat 
exchange exists. In a cool environment 
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the thermal gradient across the thin 
urterial wall is of the order of 1 to 2° C, 
which in itself indicates a large heat 
flow, since the insulation must be low. 
\lso under conditions of rapid cooling 
particularly in readjustments to new 
onditions, large pulsatile changes in 
temperature within the arteries often 
may be seen, indicating that the system 
is reacting as a natural “thermostro- 
nuhr’. Pressure pulsations cause pul- 
atile changes in blood flow and these 
n turn pulse-like changes in arterial 
temperature. 

Examples of such pulsatile changes 
we shown in Figure 3. In the topmost 
ecord there was only a small thermal 
radient 
idial 


t ¢ 


brachial and 
see graph for room conditions 


of Figure 2), though a steeper 


between the 


radient appeared to exist more distally 


385 


along the radial artery. Only slight 
“pulsations” in temperature are visible 
in the radial, while in the brachial 
only those accompanying extra systoles 
were readily detected. Three hours 
later the middle record was obtained 
when the arm had been recovering for 
5 minutes after a 10 minute immersion 
of the hand alone (below both couples) 
in water at 2° C. At the signal on this 
record the hand and lower forearm 
were immersed in water at 2° C. The 
rewarming had 
thermal gradients 
along the vessel and had increased pul- 
sations. The second cooling tempo- 
rarily decreased the pulsatile changes 
in the radial and caused a rise in bra- 
chial temperature, as vasoconstriction 
reduced the venous return. At the end 
of 5 minutes just before the signal in 


earlier cooling and 


exaggerated the 
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9 Thermal gradients observed in a single subject between the brachial and radial 
s at different room temperatures (as indicated.) Values obtained in room temperatures 


and 23° <. 


which are connected with dotted lines, were obtained when the distal 


f the limb had been cooled by immersion in cold water. In the former case this im- 
m was as stated previously and published§ (Exp. 11 of that series), while that at 22° 
s stated for records reproduced in Fig. 3. In both cases all or most of the cooling was 
1 distal to the thermocouples. 
the experiment in the room at 22° C, another couple had been inserted in the radial artery 
e back of the hand close to the origin of the artery to the thumb. The temperature 
g ent in the 4 to 6 cm. length between the two couples in the radial appeared to be of 
the order of 4°. 
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the lowermost record, both radial and 
brachial temperatures had fallen, and 
the pulsations in the radial had re- 
gained their size, as the greater cooling 
of venous blood compensated for the 
slower rate of flow. The gradient shown 
in Figure 2 
in a room at 
After the signal when the hand and 
forearm at 
18° C, the increase in temperature pro- 
duced a sensation of warmth with vaso- 


99 


is that recorded here. 


were immersed in water 


86 


RADIAL ARTERY 
37 


as occurring after cooling 
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dilatation (in spite of its low level) and 
the temporary rapid flow of very cold 
venous blood associated with a rapidly 
inflowing arterial stream gave greatly 


exaggerated pulsations. 


Gravity can induce similar effects, 
as is illustrated by Fig. 4. An indi 
vidual. who was somewhat cool and 


was lying in a semi-inclined position, 
at 
level, and then lowered it to his side at 


held his arm horizontal shoulde1 


the time indicated by the signal. There 


3s 
| BRACHIAL ARTERY 
e 
33 
34 
43! 15, 
429 iF 
33 
Fic. 3. Records of radial and brachial arterial temperatures m« isured in a room at 22° ¢ 
72° F.) after exposure for 3 hours. The left upper record represents conditions after sor 
earlier moderate cooling of the hand ( distal to the couplh s) in water. The right upper rec ord w 
obtained after the hand had been immersed for 10 minutes in water at 2° C and had bee 
allowed to rewarm in air for 5 minutes. At the signal the hand, and on this occasion also tl 
forearm, were immersed in water at 2° for 5 minutes. The whole section reproduced befor 
and after immersion represents 100 secs., which indicates the time scale for all these record 
The lowest record shows the end of this 5 minute immersion, which was followed at t! 
time ot the signal by transfer to water at 18° (¢ 
37 
35.8 
° 
35.1 34.7 
Rd. 3k. 35 
y \ 
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The effect of lowering the arm from shoulder level to the side in a subject ly 


C (83° F), after he had bs 


in a semi-inclined position, nude, in a warm room at 28 
cooled in a stirred water bath at 2° C (80 
investigated was held supported throughout in air outside 


5 minutes. The 
he bath 


33. F) previously tor 


t 


a 34 


BAZETT: BLOOD TEMPERATURE AND ITS CONTROL 


resulted increases in temperature in 
both brachial and radial arteries, while 
the pulsatile changes in temperature 
wiginally visible in the brachial artery 
were reduced and those of the radial 
nereased. Gravity effects presumably 
temporarily slowed venous flow in the 
eins adjacent to the brachial, so that 
leat exchange in this area was reduced 
On the other hand, the resulting 
ngorgement of the more peripheral 
eins exaggerated cooling of the blood 
1 the radial. The exchange of heat 
etween the arteries and veins was 
hitted to a more peripheral position 
ret the considerable thermal changes 
vere not accompanied by any con 
ious sensation of temperature 
Phe changes described depend on cir- 
ilatory idjustments through which coo] 
ood returning in venae comites causes 
recooling of entering arterial blood 
his allows an internal exchange of 
it with supply of oxvgen to the 
eripheral tissues and economy of heat 
ss. Attainment of a steady state seems 
mpatible with considerable thermal 
radients along the arteries, as well 
ilong the axes of the limbs. On the 
ther hand under conditions 
idients between the vessels and tis 
es are probably relatively small 
US Th Warth rooms averaging Some 
(79° F) Pennes*! found brachial 
peratures averaging 0.96" C below 
se of the rectum, while the deep 
ues of the forearm had tempera 
es only 0.16° below that of the bra 
il. The longitudinal gradient in 
regate was considerable, the trans 
e relatively slight. 
\ mechanism through which pre 
ling of arterial blood is brought 
it should be a considerable disad- 
tage in a warm environment. In 
h an environment it appears actually 
be absent, for the temperatures 
erved on the surfaces of the tips 
he fingers or toes may exceed those 
erved on more central surfaces'. 


The return of venous blood through 
superficial veins, far removed from the 
arteries, which is so well recognized 
would explain this adjustment, though 
this might be more effective if dilata- 
tion of superficial veins was associated 
with reciprocal constriction of the 
deeper channels. Reports have been 
made of experimental evidence of such 
reciprocal vascular reactions, possibly 
involving veins, present as a peripheral 
mechanism, even in the absence of all 
true reflexes. Such a type of control is 
surprising. 

Direct Reactions of Vessels. J. 
Pappenheimer et al.“" have described 
constriction of superficial cutaneous 
vessels and a reciprocal dilation o! 
deep vessels when excised limbs are 
perfused with cooled blood. The con 
dition is reversed when the blood is 
warmed. Also Perkins et al.-? have 
demonstrated vasoconstrictor responses 
in the skin of dogs in areas which have 
been svmpathectomized or denervated 
if the skin surface falls below 22° C. 
In these cases the vasoconstriction ap- 
pears to be due to direct effects on the 
vessels. rather than on axone reflexes 
In all probability similar responses can 
develop in normal innervated skin in 
man, even though thev are not alwavs 
obvious. Thus exposure of hands to 
extreme cold has been repeatedly 
described as giving rise to severe pain 
starting at a critical level of skin tem- 
perature of about 10° C. as in experi- 
ments testing gloves during the war 
period. The same temperature is re- 
garded as a critical one by Aschoff' in 
experiments with hand baths, as vaso 
dilator reactions commonly develop at 
temperatures below this level. This is 
also considered by Ungley** as a criti- 
cal level for the development of immer- 
sion foot. In our experiments® pain has 
developed at or about these levels and 
this pain has often been preceded by an 
abrupt fall of temperature, suggesting 
vascular spasm. Dilator reactions often 
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have followed the pain, and have so that some areas are warmed at the 
appeared to be inflammatory in char- expense of others. Rises in temperature 
acter and of the axone reflex type are strictly local, and usually are seen 
described by Lewis'*. In such reactions first in the cooler more peripheral 


the temperature of a surface exposed to 
cold mav be increased through 10” to 


15° C in as many minutes. It seems 


improbable that this could happen 
unless the venous return is directed up 
superficial veins (and away from. the 
venae comites) also under such con 
ditions 


Reflex to the 


fions provide the mechanisms through 


responses sensa 


which reactions to sudder 


} 


changes are 


rapid 
attained. The existence of 
reflex. vasoconstriction to cold is fully 
established. The 


simple in that superficial vasoconstric 


reaction is relatively 
tion allows surface temperatures to fall 
and thermal conductance is reduced. In 
consequence central 
the trunk 
le ng th 
returnil 


temperatures In 
and in the large arteries 
trunk 


venous 


rise, as cooling by 


blood is reduced 


ig 
Cooling effects are observed rapidly 
and extend to peripheral areas not 
exposed to the cooling even if the 
blood supply of the cooled area has 
he en occluded: 

Reflex responses to warmth are less 
their existence has been 
Effects on distant areas are 
Occlusion of the 


Ve ssels of the warmed area 18 usually 


definite and 
denied??. 
delaved for minutes 
claimed, but not always'’, to prevent 
inv such general effects. The existence 
of reflex responses to warmth on the 
other hand has been claimed on the 
basis of vasodilatation accomnanving a 
Such evi- 
will b 


fall of rectal temperature'’. 


dence is not reliable. for. as 
seen later, rectal temperature is a poor 
index of hvvothalamic changes. The 
discordant statements depend on fail- 
ure to allow for the complexities im- 
posed by vasodilatation. During such 
reactions in rewarming thermal con- 
ductance is increased and heat is dis 
tributed more evenly through the body, 


areas-*, Not only is the outflow of warm 
arterial blood accelerated but also the 


return flow of cooled venous blood 
Consequently the temperature of the 
blood in any given artery may at first 


either rise or fall, or vasodilatation may 
be evidenced by increased pulsatil 
changes in temperature without an 
alteration in the mean level. The utili 
a background of cooled skin 
effects be demon 
have contributed to th 
apparent long delavs, since reflex vaso 
dilatation 


OVeETCOTIN 


zation of 
on which the may 
strated, may 


probably cannot readily 
a spasm due to direct cool 
ing of the vessel 

The apparent prevention of genera 
effects by the 


vessels of the 


mere occlusion of th 


warmed area is not sur 


prising, for warming is an active pro 


cess, not a passive one as is cooling. Tf 
the inflow of heat is prevented. am 
vasodilatation is apt to be evanescent 
The increased thermal conductanc 
speeds heat loss and the reaction 


therefore mav be self-limiting 


The existence of reflex vasodilatatio: 
to warmth can be readily demonstrate 
by vascular temperatures, for an il 


crease in arterial temperature in 
properly chose n vessel may be demon 
area with a laten 


strated in a distant 


of 10 
excludes anv direct effect of tempel! 


seconds. which entire 


ture changes on the centers (unpul 
lished data 
demonstrated by the facts that rewarn 
hand after 
nounced cooling can cause dilatati 
which itself bw a 
cipitous fall in brachial arterial te 
Similar, 
cooled hand may cause a_ precipitor 


The complexities are we 


ing of a previous pr 


shows sudden pri 


perature” 1 rewarming of 


fall in temperature on the palmar su 
Thus both 


creases in surface 


] 


and d 
temperature m 


face”. increases 
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indicate increased thermal conductance 
produced by vasodilatation, and the 
ireas most favorable for demonstrating 
the increases are not always easv to 
predict 
Thermal sensations which give rise 
to vasoconstrictor or vasodilator re- 
flexes are not dependent on the tem- 
perature levels in the skin. The well 
known phenomena of adaptation eX- 
clude such an hypothesis. Nor can they 
be explained as due to the rate and 
lirection of change. If an arm be im- 
nersed in water warm enough to main- 
tain the surface at a temperature sig- 
iificantly above that of arterial blood 
ntering the arm, sensations of warmth 
ontinue indefinitely, even though a 
teadyv state is maintained. the 
ther hand lowering the temperature of 
ch a bath for instance from 40° t 


) may give a temporary absence of 
rmth However, this sensation re 
rns after the tissues just below. the 


have had time to cool. and then 
iin continues indefinitely. Thus the 
idence indicates that the sensation 
rises as the result of the thermal 
radients which are set up. and disap- 
irs as these are temporarily extin- 
ished 
In order to obtain experimental 
ersal of these gradients Dr. Me- 
lone and I manv vears ago investi- 
ted the thermal sensations generated 
i double fold of prepuce where a 
ognizable thermal receptor could 
stimulated from either side of 
fold*". Normal sensations were 
erated from sides, though 
intensities of the — sensations 
their latencies varied. A sim- 
gradient is inadequate to ex- 
n the phenomena, and it seems 
bable that the special arrangement 
the vessels in the dermis described 
Spalteholz*® is concerned, as indeed 
surmised**, Theories built on this 
s have been discussed earlier’. Here 
only necessary to state that thermal 


gradients observed in relatively thick 
skin demonstrate that this anatomical 
arrangement does affect heat distribu- 
tion. It would appear that cold sensa- 
tions are caused by alterations in the 
gradients superficial to the arteriolar 
plexus. and warm sensations by those 
just deep to it, where the deeper tis- 
sues are normally cooler than those 
more superficial. On such hypotheses 
the marked changes in arterial temper- 
ature that can occur in the larger and 
more central vessels should have littl 
effect on the sensorv mechanisms. This 
appears to be the case. 

There remains a possibility that deep 
receptors of temperature exist, even 
though there is no obvious conscious 
sensation. If so, it is unlikely that recep- 
tors are situated in or near the vessels. 
for large exchanges of heat, such as 
those indicated in Figure 4. give no 
indication of having induced eithe 
sensations or reactions. In the prepuce 
sensory receptors for warmth can be 
identified as existing in the subcutan 
eous as well as in dermal lavers. Deen 
receptors might also occur in the sub 
cutaneous tissues beneath the thicker 
skin of other parts of the body where 
probably thev would not be recogniz- 
able as sensitive spots. While cold is 
purely an exteroceptive sensation 
warmth can be either exteroceptive or 
proprioceptive, since heat may be gen- 
erated in muscles. Deeper receptors 
might be concerned with heat of such 
internal origin. Even here gradients in 
temperature would probably act as the 
stimulus. since warming of deeper 
tissues by focused micro-wave radi- 
ation does not induce sensations of 
warmth!*, 

Sensations of temnerature mav_ be 
modified by various factors. Thus dila- 
tation of the dermal vessels, however 
produced, not only modifies the thermal! 
gradients in the skin, but also lowers 
the sensitivity to cold in spite of the 
raised surface temperature. Thus both 
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the 


increased*4 


he threshold tor stimulation and 


latency of sensation are 
have been 
established 


Ebaugh and Thauer 


observations con- 


firmed and firmly by 


who however, 


were unable to confirm any facilitation 


of sensations of warmth ascribed to 


vasodilatation on more slender evi 
| On the other 


dence vasodila- 
tation does not appear to increase the 


hand 


latency for warmth as it does for cold* 
Vasodilatation 
heat capacity, and more rapid thermal 


may cause increased 


conduction conditions are complex 
Sensations are also modified by carbon 


dioxide in a wavy which mav_ be 
dependent on the vascular reactions. 
Thus water baths charged with carbon 
dioxide do not feel as cold as do nor- 
mal baths at the same temperature 
Inspiration of carbon dioxide may also 
cause a wave of sensation of warmth 
which is attributed in consciousness t 
dermal tissues. Heat directly conducted 
to the 


muscles either by veins or arteries may 


subcutaneous tissues from. the 
he re sponsible for sensations of warmth 
which accompany exercise. These ar 
usually associated with the occurrence 
of sweating in the limbs during work 
ven if the individual is exposed to an 
extremelv cold environment. 

No emphasis need be placed here on 
the well recognized characteristics of 
spatial summation and adaptation that 
thermal 


should be noted. however, that adapta 


ire found = in sensations. It 
tion in this case does not appear to he 
i property of the receptors, so much as 
one of the accessorv mechanisms of th: 
stimulus. Thermal sensations fade when 
the thermal sracdients are reduced. as 
the thermal 
deenlv. Thev persist indefinitely. if the 


changes svread mor 
circulation of blood at normal tempera 
ture to a locally heated area maintains 
Adaptation is 
cold 


flow 


in adequate gradient 


more pronounced with stimuli 
the blood 


i companies vasoconstriction, is unable 


since slowed which 
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the thermal gradients. 


stimuli 


to maintain 
Thermal 
compared with those of light. This 


mav, therefore, be 
causes adaptation in the eve by bleach 
ing rhodopsin, thus also affecting an 
accessory rather than a receptor mech 
anism. It would, however, be rash to 
generalize and apply such conclusions 
to other receptors, for each receptol 
appears to be adjusted to its own func 
different 


and mechanisms 


tion many 
mav be utilized 

Sensory receptors tor temperature 
appear to be stimulated also by other 


forms of stimulus, for release of vascu 


lar stasis mav generate intense sensa 


tions unassociated with measurabl 


thermal changes®. Possibly osmotic « 


l 
chemical stimuli are involved. 
Regulation of hypothalamic tempera 
ture by the blood stream appears to be 
ittained by the adjustment of the tem 
perature of the inflowing blood supply 
these Several 
ments of the temperature within the 


ng tissues measure 
right internal jugular bulb have bee: 
made in man, and this temperature ha: 
usually been found some 0.2> abov 
that 
ternal iliac arteries. In view of the hig] 


the 


experiment a 


simultaneously observed ex 


metabolism brain this is not sur 
prising. In one thermo 
couple was left in place for hours in 
that its 


could be « ompared with those observes 


this vessel. so temperature 


in the rectum. external iliac. femora 
ind dorsalis pedis arteries, and wit! 
that at the distal end of the inferio 


vena cava. The individual was inad 
quately clothed below the waist. an 
was lving in a room at 20° C (68° F 
so. that occurred, while tl 
heat from the 


limbs. After several hours of such coo 


cooling 
loss was mainly lowe 
ing the subject was rewarmed by ir 
mersion of both hands and forearms 
hot water, so that rewarming depend 
on heat acceptance by the upper lim! 

Comparison of the internal jugul 
temperature with that of the rect 


2 
ii 


BAZE TT: BLOOD TEMPEK 


atter about one hour's exposure showed 
identical temperatures, probably due 
to a more rapid cooling of the jugular 
bulb. Later the rectal temperature 
ilwavs remained the lower. when the 
delay in its cooling had been overcome. 
Phi hypothalamic temperature —vari- 
itions were of the same order of Inag- 
iitude as those of the rectum but 
curred much more abruptly, since 
they were less damped by large heat 
capacity effects. Owing to these differ- 
ences in the time ristics, differ- 
nces as great as 14° C (25° F) were 
set up (in favor of the jugular bulb 
ver the rectum) during warming, and 
educed to 0.6° C (1.1° F 
ng. The latter difference 
gain to over 1” C as the cooling effects 


01 - 


increased 


ipproached more nearly to a steady 
tate. The temperature of the jugular 
bulb, which probably reflects that of 
the hypothalamus, is theretore by no 
leans steady but swings more readily 
nd more rapidly than does ath of the 
ectum. It may not be entirely pro- 
ected from local influences since 
rinking two cups of hot tea raised the 
mperature of the jugular bulb by 
5° C in 5 minutes, while the tempera- 
re in the external iliac artery, inte- 
rr vena cava and rectum were much 
ss affected. While the hypothalamic 
mperature may be regulated, it is by 
neans free of fluctuations. 


The regulation of fluctuations in- 


perature In peripheral vessels are 
h as to induce smaller changes in 
temperatures of ceritral vessels. 
h-as would tend to return the hypo- 
lamic temperature to its normal level. 
se temperatures in the larger arter- 
ire similar to those found in the 
ular bulb, though their levels are 
iewhat lower. Like the fluctuations 
the jugular bulb, they occur more 
lily and more abruptly than do fluc- 
ions in the rectum. The tempera- 
s existing in these central arteries 
uce relatively constant and similar 


; 
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levels of temperature in the central 
areas of the body, namely the thorax 
abdomen and cranium. Thus central 
body temperature is controlled. How- 
ever, these central temperature levels 
are not precisely identical under con- 
ditions of asymmetrical cooling, such as 
n this experiment. Here the 
temperature in the external iliac artery 


that used i 


and inferior vena cava commonly were 
0.1 to 1.1° above that of the rectum 
while the temperature of tie femoral 
artery just below Poupart’s ligament 
might be 0.S~ above or below that of 
the rectum. effects of 
local warming and cooling were in 


Considerable 


evidence in both the external iliac and 
femoral arteries, and to a small degree 
in the inferior vena cava. 

One could probably accept temper 
atures in the abdominal aorta at the 
level of its bifurcation as representing 
approximately central arterial temper- 
eture. This is a point readily reached 
Distal to this, 
steep thermal gr — may develop. 
Thus at the end of this experiment a 
gradient of 1° C was to be found i 


with thermoc couple 


the iliac vein in a distance of 4 i. 


cn 
between points 6.5 cm. and some 2.5 
cm. above Poupart's ligament). Deep 

rectal temperature is probably closely 
related to te mperi itures observable in 
the iliac arteries and veins just central 
to Poupart’s ligament; it does not rep- 
resent a true central temperature unat- 
fected by local changes. 

Summary. One may conclude that 
current theories of thermal control are 
not grossly in error, even though the 
evidence on which thev are founded, 
is bv no means reliable. A theory, such 
as that advanced years ago by Meyer's, 
supposing the existence of two oppos- 
ing centers, one in the anterior hypo- 
thalamus controlling heat dissipation 
and one lying more posteriorly con- 
trolling heat conservation, still seems 
adequate. Presumably the former cen- 


ter is stimulated by sensations of 
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| 
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warmth and has an optimal tempera- 
ture for activity, which lies above the 
normal hypothalamic temperature, 
while the latter is stimulated by sen- 
sations of cold and has an optimal tem- 
perature below the normal level. The 
combination — of 
either 


reactions initiated 


reflexly or centrally through 
these centers is reinforced and main- 
tained the 


utaneous and deeper blood vessels 


also by local reactions of 
themselves to temperature levels, as 
tar as the vascular components of the 
reaction are concerned. 

Such an hypothesis, however, fails to 
account tor regulation of central body 


temperature at higher levels during 
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loads imposed by the work and appear 
to induce higher temperatures for the 
working muscles at the higher loads 
These changes seem to be beneficial 
and to aid efficiency’. This adjustment 
if properly understood, might throw 
light on the underlying mechanisms of 
It might 


equally be induced by modifications of 


thermal control in general. 


peripheral sensation as by alterations 
in the hypothalamic centers. However 
the effects of 


and ot 


carbon dioxide on skin 


sensations exercise on sweat 


ing seem to oppose any theory of a 
peripheral origin for the phenomenon 
The such 


mechanisms concerned in 


remain 


exercise, as described by Nielsen'. adjustments completely nh 
Such levels vary with the metabolic known 
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Frieda Myer Nishan Foundation tor the Study of Goiter at the Jackson Clinic 
cause of exophthalmic goiter or normal diastolic blood pressure, 
mains a mystery despite the great dyspnea, dorsal curvature of the distal 
lvances that have been in phalanges. and. irritability. 

gnosis and treatment. We = are Certain other complaints may be 


rt 


ts al] 


metabolism. 


; 


rate that. tre 
empirical is 


‘atment, even though 


usually suc- 
phthalmic goiter in children pre- 
all the problems ot exophthalmic 
er in the 
aturity 


adult plus others due to 


active growth, and chang- 


In this paper we wish 
liscuss our experiences with 26 cases 
hvperthy roidism in children 16 vears 
Eight of these 

treated with thiouracil or propvl- 
il 


ive have 


younger, 
These we will consider in 
til to show some of the responses to 
tvpe of therapy. 
Jiagnosis of hyperthvroidism in chil- 
s based on symptoms, signs, and 
metabolic determinations. 
mptoms are of two tvpes: 1, those 
ire similar to those 
that 


of adults and. 
present or are 


hose 


mav be 


and may be 
making of an 
Important in this 
gastrointestinal 


children 
misleading in the 


prominent in 
quite 
accurate diagnosis. 
group are symptoms 
(nausea, vomiting, and different types 
of abdominal pain), high susceptibility 
to upper respiratory infection, delaved 
or irregular menses, sleep disturbance 
talking in 


sleep a frequent epistaxis, marked per- 


(insomnia, restlessness, or 
sonality changes with nervousness, tem- 
per tantrums, erving spells, headaches 
and fainting. These children often give 
a historv of an enlarged thyroid gland 
for from one to several vears and may 
taking colloid 
The blood pressure findings are 
children. 140 
being a typical recording. 


have been iodine for 
goiter. 
over 50 


The fre- 


of upper respir. atory infections 


significant in 


in some of these children increases the 


prominent in young people. The — difficulty of getting a basal metabolic 
rity of children have signs and determination that is accurate. 
ptoms identical with those of Treatment must be suited to the 


ts, including symmetrical enlarge- 
t of the thyroid gland with thrill 
bruit, exophthalmos, tremor, either 
il weight loss in spite of ravenous 
etite or weight remaining stationary 
it should be increasing, nervous- 
tachycardia, palpitation, warm 
moist skin, general weakness, easy 
ibility, quadriceps weakness, heat 


lerance, elevated systolic and low 


individual case. There are 3 types of 
therapv: operation and drugs. 
which may be used singly or together, 
depending on the individual need. 

A program of rest with discontinu- 
ance of school, restricted activity, long 
hours of sleep with frequent daytime 
rest periods, a high calorie diet, and, 
if necessary, mild sedation is valuable. 
This frequently will alleviate the svmp- 
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toms and carry a young patient along 
until he is a little older before under- 
going operation. An occasional patient 
with mild short 
this 


method Adequate attention to psvcho- 


toxic mptoms of 


duration mav be treated solely by 
somatic aspects of the disease and to 
the education of the parents Is essen 
tial in such a program 

As in adults, the surgical treatment 
of exophthalmic goiter in children gives 
excellent results in a high percentage of 
cases. Indications for operation are | 
larg ly on 


the determination, based 


experience that operation is the best 
treatment for the particular patient 
failure of medical therapy, includ 
Inga lack of response and deve lopment 
of complications such as leukopenia; 


ind 5 persistence of an enlarged 
gland in spite of regression of toxicity 
ifter medical therapy 
Careful predperative preparation is 
includ 


ing a rest program as outlined above 


essential to successful surgery 


combined with the use of iodine and 


antithvroid drugs, such as propylthi- 
ouracil and methvlthiouracil. Propyl- 
thiouracil causes a marked increase in 
the vascularity of the gland making 
operation technically difficult. When 
antithvroid drugs are used, they should 
be discontinued 2 weeks prior to opera 
tion and iodine should be used _ to 
the 


excellent in the preope rative prepara 


involute gland. Iodine alone is 
tion of these patients and for the past 


Veal We solution 


have used Lugol's 
only, without propylthiouracil, except 
in the toxic Operation 
should not be performed until the 
patient is gaining weight, the pulse rate 


has decreased, the basal metabolic rate 


most cases. 


is declining, and toxic symptoms are 
in remission. 

Subtotal thyroidectomy is the opera- 
tion of choice. In this clinic we have 
used superficial cervical nerve block 
anesthesia since 1928, in preference to 
the older method of infiltration. We use 
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ls% procaine with no adrenalin. Chil 
dren 12 years of age and older given 
adequate preoperative sedation (pan 
topon, scopalamine, and nembutal, the 
dosage depending on weight and age 
tolerate this well. The same surgical 
this 


eXCISION ot 


technique is used as in adults 


being an intracapsular 
hyperplastic thyroid tissue, preferably 
with the electro-surgical knife. Consid 
erable time and effort is spent prior to 
operation obtaining the confidence ot 
the child, and the fact that no general 
anesthetic has ever been used _ testifies 
to the success of these efforts 
Postoperative care is extremely 
important. One advantage of nerve 
block anesthesia is that the patient 1S 
ible t 


given frequent oral doses of Lugol's 


» COOPE rate immediately and bi 


solution. Ten to 15 doses of 10 drops of 
Lugol's solution are given on the day 
of operation, 4 doses in the first post 
hou 10 
} times a day thereafter unti 
Rarely it 
to give iodine subcutaneously, by pro 
tube. We ck 
not use it intravenously. Iodine therap\ 
atter the 


depends on the response of the patient 


operative doses the second 


dav. and 
may be 


discharge necessary 


toclvsis or by duodenal 


discharge from hospital 


In some cases it be discontinue 
ifter weeks 
to be 


indefinitely 


may 
and in others it may hav 
used for months or occasional! 

The program of rest and high calor 
intake is with the gradu 
in activity. We have found th 
the patient's weight is the best index o! 
response to treatment and insist that 
substantial made the first 
months after operation. 


essential 


increase 
gain be 
Medical treatment. of hvperthyroi 


ism is much in vogue, with thiourac 
thiourea. thiobarbital, propylthioura¢ 


and methvlthiouracil receiving the m 
attention. Radioactive iodine is rece 
ing much study, but results have bi 
variable, some patients showing ea 
favorable response only to relapse lato 
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In others the response has been encour- 
iging but sufficient time has not vet 
elapsed to consider the patient cured. 
We have used thiouracil and propyl- 
thiouracil on of these patients 
Response has been so varied that a 
brief individual discussion of cach case 
is necessary. For the past 2 vears pro- 
pyithiouracil has entirely replaced thi- 
uiracil in our therapy. These will be 
liscussed in the chronological order in 
which we saw the patients in order to 


show the changes in concepts 


her toxic symptoms increased. On October 10 
her basal nvetabolic rate was +33%. She was 
placed on thiouracil, 0.1 gm. twice a day. 
She stayed on this dosage until June 8, 1945, 
when the drug was stopped. At this time she 
had gained 15 pounds, was free of toxic 
svimptoms, and had a basal metabolic rate of 

7%. She got along satisfactorily until Feb. 
28, 1946, when symptoms recurred. She lost 
7 pounds, and her basal metabolic rate 
was +24%. She was put on thiouracil, 0.1 
gin. twice a dav. On April 11 her white cell 

mint was 4,150 and thiouracil was stopped. 
On Mav 2 it was found that she had lost 
2s pounds and her blood pressure was 142 
wer 62, and her pulse was 132. On July 22 


isE ] a) Exophthalmic goiter in 12 year old girl who has a basal metabolic rate of 


+ 


und is 21 pounds underweight. (b) Same patient 2 months after antithyroid therapy. 


Her basal metabolic rate is 


Case Reports. Case 1. H. B., a white female 
12 years, was first seen on Sept. 9, 

14. She had an exophthalmos of 3 months 
ion and swelling of the neck for 2 
nths, along with palpitation, extreme 
vousness, and tachycardia, and was 21 
inds underweight. She had been taking 
starine for 2 months. Her basal metabolic 
was +10%. It was thought clinically that 
was probably iodine-fast. She was 
served for a month, during which time 


| year after stopping therapy. 


she was placed on propylthiouracil, 25 mg. 
3 times a day. Five weeks later her white 
blood count was 4,060. In December, 1946, 
propylthiouracil was discontinued as she was 
well. She has remained well since. 

Case 2. R. N., a 12 year old white female, 
was first seen Sept. 4, 1944, having been ill 
2 years. She was 23 pounds underweight 
and had a ravenous appetite, alternating 
diarrhea and constipation, tremors, nervous- 
ness, “heart pains”, and temper tantrums. Her 
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blood pressure was 118 over 55 and her pulse 
110. She was hospicalized and placot on 
thiouracil, 0.1 gm. 3 ti ves a day. On Novem- 
ber 1, she develope i a skin rash on her 
thighs. Thiouracil was discontinued. She was 
placed on Lugol's solution and prepared for 
operation, and on Dece nber 18 a right lobec- 
tomy and isthmectomy were performed. On 
March 3 the left lobectomy was done. She 
made excellent recovery. On August 27 a 
nodule was felt in the right upper lobe. On 
June 26, 1947, her neck was enlarged and 
toxic symptoms recurred. She was placed on 
propylthiouracil, 50 mg. 3 times a day. On 
July 12 her white blood cell count was 4,200. 
but she was continued on the drug. Her 
disease was controlled with propylthiouracil 
until May, 1948. On June 2, 1948 operation 


was performed again for a large hype rpl sti 


pounds. She was placed on propylthiouracil, 
25 mg. three times a day. In September she 
went back to school half time. In April, 1947, 
she was without propylthiouracil for three 
weeks, lost 4 
active Propy'thiouracil was resumed until 


pounds and became hyper 


June 29, 1947, when it was discontinued. At 
the present time, 16 months later, she is well 
and is attending school all day and weighs 
L114 pounds has a pulse of 90, and a blood 
pressure of 125 over 60 Her metabolic rate 
was +-10%. This is the most satisfactory result 
of propylthiouracil therapy we have seen in 
either an adult or a child and shows, despite 
statements in the literature to the contrary, 
it is at least possible to arrest the disease 

son instances One alwavs hesitates to 
spe ik of a cure in exophthalmic goiter by any 


wanner of treatment 


Case 2. (a) Severe case of exophthalmic goiter in 12 year old child. Following skin erup 

tion from thiouracil, a thyroidectomy was performed. (b Same. child developed a recur 

rence 3 years later that failed to respond to propylthiouracil. After further surgery the diseas 
is arrested, and the basal metabolic rate remains normal 


gland. Seven days later she was discharged 
with a basal metabolic rate of +10% and a 
pulse of 72. 

CasE 3. A. F., a 10 year old white female, 
was first seen Feb. 2, 1946. She had an 
enlarged thyroid gland, an exophthalmos of 
2 months’ duration, tremor, warm moist skin, 
and a ravenous appetite. Three weeks before 
her metabolic rate was reported as +62% at 
another institution. After three weeks of iodine 
it was +24%. Her blood pressure was 140 
over 60, her pulse 120, and her weight 85 


Case 4. M. T., a white female aged 8 vears 
was first seen Sept. 14, 1946. Symptoms were 
extreme nervousness, msomnia and restles 
p, treme ndous appetite, intolerance t 
heat, frequent sore throats, enlarged thyroi 
gland, tachycardia, and quadriceps weakness 
Her blood pressure was 126 over 50 and he 
pulse was 158. She was placed on Lugol 
solution for 2 weeks. She gained 3% pounds 
was less nervous, and felt better. On Septem 
ber 25 she was started on propylthiouraci 
25 mg. twice a day. Slow improvement ox 
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urred until Jan. 18, 1947, when she con- 
tracted infectious hepatitis, as did her parents 
ind several classmates. Propylthiouracil was 
topped and she Was placed on iodine for one 
onth; then propylthiouracil was resumed and 
iprovement continued. In February, 1948, 
he was free of symptoms, but her thyroid 
land seemed larger than ever. In July, 1948 
he appeared clinically well, and her basal 
etabolic rate was normal, so the drug was 
liscontinued. In 4 weeks her basal metabolic 
ite had risen to +33%, and she was losing 
veight and becoming toxic, so the drug was 
gain resumed. She again became normal 
observation is warranted, but oper 


m will probably eventually be 


necessa¥’°ry 
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25 mg. 4 times a day. By April 21 all symp- 
toms of hyperthyroidism were gone and she 
had gained 19 pounds. However, her thyroid 
gland continued to be greatly enlarged. On 
May 5, 1947, a subtotal thyroidectomy was 
performed on a large hyperplastic gland con- 
taining some adenomatous tissue. Since then 
she has remained well but has been on a 
reducing diet as she gained too much weight. 
She was continued on iodine for 6 months. 
Her last basal metabolic rate on Jan. 6, 1949, 
Was + 29%. 

Case 6. R. S., an 11 year old white female, 
was first seen Nov. 2, 1946. Her neck had 
been enlarged for 8 months, she was extremely 
nervous exophthalmos was present, and there 


= 
E 3 a) Exophthalmic goiter in 10-year old child who is on the verge of crisis and 


e basal metabolic rate is +625 


32%; weight 85 pounds; and pulse, 140. (b) Same child after 


ping all therapy; basal metabolic rate, +10%. She received propylthiouracil for 1 year. She 
now appears clinically well, weighs 128 pounds, and has a pulse of 74. 


ise 5. N. R., a 13 year old white female, 
first seen on Sept. 30, 1946, with symp- 

f nervousness, heat intolerance, palpi- 
n, weight loss, and increased appetite. 
re our examination she had been on 
e for 2 months and thiouracil for 2 weeks 
no improvement. She had a greatly 
rged thyroid gland with no thrill or bruit. 
pulse was 120 and her blood pressure 
142 over 40. There was stare but no 
thalmos. She was quite toxic. She was 
italized and placed on propylthiouracil, 


was a 13 pound weight loss in 6 months. 
She had been on Lugol’s solution for 7 
months. Her basal metabolic rate was +35%; 
her blood pressure, 134 over 44; and her 
pulse, 128. She was placed on propylthiouracil, 
50 mg. twice a day. Twenty-two days later 
her white blood count was 2,500. The drug 
was discontinued, and she was placed on 
Lugol’s solution. At this point contact was 
lost with the patient. 

Case 7. P. U., a 16 year old white female, 
was first seen Feb. 20, 1947. She had been 
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well until Jan. 23, 1947. At that time she 
was hospitalized for 2 weeks with symptoms 
of nausea, vomiting, diarrhea, and tever. She 
had had tachycardia and weakness of the legs 
since then. She had a moderate tremor, a pulse 
of 148, a blood pressure of 144 over 24, a 
weight loss of 14 pounds in 2 weeks, 
moist skin, symmetrical enlargement of the 
thyroid with thrill and bruit, 
ss. A systolic murmur was present over the 
aortic and mitral areas. She had been on 
thiouracil for 10 days before Chis 
was changed to propylthiouracil, 50 mg. 3 
times a day. Three months later on April 22 
she had gained 10 pounds; her blood pressure 
was 128 over 70, and her basal metabolic rat 
was 


a 


and quadr 1c eps 


kc SS. 


admission. 


, and all toxic symptoms wert 
On July 23 propylthiouracil was discontinued 
On August 26 her symptoms had returned 
She definitely hyperthyroid with a 
basal metabolic rate of +43%. She was placed 
on iodine, and on September 10 a subtotal 
thyroidectomy was performed. She made a 
normal recovery, and when seen on May 27, 
1948, she was well. She was continued on 
iodine until September 13. On Nov. 13, 1948, 
she resumed Lugol's solution, at which time 
her basal metabolic rate was +35% 
a weight gain of 22 
peared normal. 
Case 8. M. G., a 16 year old white 
was first seen on Dec. 12, 1947. For 
she had been under her doctor's care for 
nervousness and loss of “pep”. She had been 
told she had a goiter and had been given 
iodine. She had gained 11 pounds during 
this time but felt no better. She was jittery 
ind constantly making purposeless movements 
She was intolerant to heat and fainted fre- 
quently. She had a pulse of 116, a blood pres- 
sure of 142 over 60, exophthalmos, moderat 
tremor, and a gna illy enlarged thyroid 
with thrill and bruit. In addition, 
she had had aha change; it had 
become husky and gave her poor enuncia- 
tion. Her basal metabolic rate was +49%. On 
December 2 she was started on propylthi- 
ouracil, 50 mg. 3 times a day. On January 3 
; there was a 6 pound loss of 


she was worse 

weight, a basal metabolic rate of +70%, and 
increased nervousness. Propylthiouracil had 
been stopped 2 weeks before because of a 
white blood cell count of 4,500. It 
thought that she was on the verge of a thyroid 
crisis. She was hospitalized and pl: iced on 
Lugol's solution. On Jan. 16, 1948, a subtotal 
thyroidectomy was performed on a_ large 
hyperplastic intrathoracic goiter. One month 
later her basal metabolic rate was 0%; pulse, 
70; and blood pressure, 120 over 84. There 
was a weight gain of 18 pounds. Since then 


gone 


Was 


There was 
pounds, and she ap 


female, 
5 months 


for 6 months 


voice 


was 
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she has been well except that a reducing 


diet has been nece ssary 
In all 
placed on a 
diet 
addition to 


ot these cases the patient was 
high 
discontinuance of 


regimen of rest, 


caloric and 
medication. 

Twenty- 
SIX cases of exophthalmic goiter have 


been observed 


school. Ith 

Summary and Conclusions. 
in children ranging in 
age from $ to 16 years. Symptoms ‘and 
treatment have been discussed, espe 
cially the results of thiouracil and pro- 
pyithiour: icil in 8 cases so treated. The 
tollowing COLM lusions seem warranted 
blood cells 
watched for in the 
use of propylthiouracil 
Four of § patients tre ated with thes« 
drugs developed white counts below 
5,000, although there 


complic ations. P ropylthiour: icil is much 


1. Depression of white 


must be care ‘fully 


were no serious 


safer than thiouracil, which should 1 
longer be used. 
These 


action as evidenced by Cases 


drugs have a goitrogenic 
and 
in which, although toxicity was relieved 
the continuing large size of the gland 
made it necessary to perform thyroidec 
tomy. 

3. Early diagnosis in some cases ma\ 
be difficult, for two reasons: 1, atypica 
symptomatology; and, 2, the — 
of the clinical picture by previous tre: 
ment. 

4. Individual response to these anti 
thyroid drugs is uncertain in children 
and there is no rule to determine i 
which cases they will be successful. 

a Ar present, the best place for thes 
drugs is probably in preoperative pre] 
aration, or in patients in whom it ma 
a? necessary to delay operation. 

The fact that in only one patient 
om hyperthyroidism was the diseas 
apparently permanently arrested | 
propylthiour: icil indicates that ope! 
tion is still the method of choice in tl 
treatment of these patients. 

Iodine should be given to all 
patients prior to and following opera- 
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tion. Its use is especially indicated fol- 
lowing propylthiouracil to decrease the 
vascularity of the gland and reduce 
bleeding at operation. 

S. Cervical nerve block anesthesia 
vas successfully used in all patients 
requiring thyroidectomy, no general 


anesthesia being necessary. 

9. These patients must have an even 
more careful postoperative regimen 
than that required for adults. The 
importance of a high caloric diet, 
restricted activity, rest, and iodine is 
stressed 
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From the Departments ot P athology (Clinical Chemistry Laboratory) and Internal Medicine 
Bowman Gray School of Medicine of Wake Forest Collegs 
and the North Carolina Baptist Hospital 


Rocky Mountain spotted fever is a 
severe generalized infection which is 
known to cause damage to many 
organs. Cases are now recognized 
with some frequency over wide areas 
of the United States. More instances 
of the disease are reported currently 
from the eastern seaboard and south- 
eastern states than from the west. The 
.anatomic changes produced can_ be 
demonstrated by pathologic techniques 
at autopsy. Disturbances of function 
have been observed clinically in the 
course of the disease, but few attempts 
have been made to evaluate’ the 
physiologic alterations in specific 
organs. We have previously described 
alterations in the serum proteins and 
in electrolytes of the blood, as well 
as the circulatory changes occurring 
in the disease’18, These observations 
suggested that some functions of the 
liver and kidney might be disturbed. 

In the treatment of infectious dis- 
eases, chemotherapy or specific immu- 
notherapy is directed toward eradication 
of the etiologic agent. Such therapy is 
not aimed primarily at the prevention 
or control of physiologic disturbances 
which are induced in the host by the 
infectious process. In the hope of 


obtaining information which would 
permit supportive therapy to prevent 
or correct such disturbances, studies of 
several functions of the liver and kid- 
nev were done to determine: 1, the 
degree of the physiologic disturbances; 
2. their relation to the clinical severity 
of the disease; 3, the time in the course 
of the disease at which changes are 
maximal; and, 4, the degree to which 
function is restored with recovery. 
PLAN. During the vears 1942 to 1947 
inclusive, 26 cases of Rocky Mountain 
spotted fever have been studied inten 
sively in the North Carolina Baptist 
Hospiti il; 19 additional cases were seen 
1 period of time to b 
included in this report. Of the patients 
studied intensively, 16 were under the 


for too short 


age of 15 vears and were cared for 
on the pediatric service; the remain 
ing 10 were treated on the medical 
service. Eight patients—5 children and 
3 adults—were studied before the addi 
tion of high protein diets with vitami: 
supplements to our program of sup 
portive therapy; 18 patients—11 chil 
dren and 7 adults—were studied afte 
this form of therapy was mad 
routine!!. 
as mild, 10 as moderately severe, an 


Seven cases were classifie: 


* This study was aided by a grant from the John and Mary R. Markle Foundation 
+ Doctors William L. Venning and Weston M. Kelsey assisted in the care of the pediatt 


patients 
(500) 
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6 as severe; 3—all in children—were 
fatal. The criteria for classification of 
the cases have been _ previously 
published?!?. 

The attempt was made to perform 
studies on each patient at 4 periods 
in the course of the disease: (1) as 
soon as possible after admission to the 
hospital, (2) at the clinical peak of the 


> 
sease, > 


during convalescence in 
the hospital, and (4) during recovery 
ifter discharge. Since so many of the 
patients were small children’ and SO 
anv were critically ill—often coma- 
tose, edematous, incontinent—it 
vas difficult to do all of the studies 
lanned on each patient. Furthermore, 
inv patients were admitted when the 
isease was well advanced and were 
ear the clinical peak when they were 
first seen. Onlv a few returned after 
overy. Data on two or more periods 
ivailable in about one-third of the 
ises: 8 patients had serial liver func- 
m studies made at two periods, and 
had kidney function tests at two 
riods. 


Methods. Tests or Liver’ Function 


lle were designed to measure carbohv- 
conversion storage bv the oral 
tose tolerance test: “detoxification” by 
onjugation of orally or intravenously 
nistered sodium benzoate ‘to hippuric 
the formation of proteins by the pro- 
bin time and the albumin and globulin 
pigment metabolism by the quantita 
serum van den Bergh test and_ the 
val of intravenously injected bromsul- 


he galactose tolerance was judged to be 
rmal if more than 3 gm. of reducing sub- 
was excreted by the kidney in 5 hours 
ving the ingestion of 40 gm. of galac- 
on a fasting stomach. 
excretion in 4 hours of at least 2.7 gm. 
ppuric acid, calculated as sodium .ben- 
ifter the oral administration of 5.9 gm. 
lium benzoate, was taken as normal. 
excretion of 0.7 gm. in 1 hour after the 
enous injection of 1.77 gm. of sodium 
ite was likewise regarded as normal. 
children the adult doses were used for 
the galactose tolerance and the hippuric 
tests; the normal range of values is less 
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firmly established in this age group, but for 
the purpose of this experiment the normal 
values were considered the same as in adults. 

The prothrombin time was determined by 
the Quick method in adults and by a micro- 
method in children?!. If the prothrombin 
time was prolonged, vitamin K was admin 
istered orally or parenterally and its effective- 
ness evaluated by serial determinations; 1 mg. 
of menadione per day was included in the 
high-protein supplementary feeding which 
was administered routinely to all patients 
after July, 1944. A prothrombin activity (con- 
trol in seconds/prothrombin time) of less 
than 85% was regarded as abnormal?2., 

Serun levels of albumin and globulin were 
determined by the micro-Kjeldahl technique. 
Values below 3.5 gm. @ for albumin or 1.5 
gm. & for globulin were taken as abnormal. 

For the bromsulfalein (BSP) test 5 mg. per 
kg. of body weight was injected intra 
venously; as many blood samples as possible 
were drawn after 5, 10, 15, 30, 45 and 60 
minutes. Because of the difficulty in finding 
veins especially in the children, only 2 or 
3 samples were usually obtained. Retention 
of more than 10% of the dye at 15 minutes, 
5% at 30 minutes, or any at all after 45 
minutes was taken as evidence of abnormal 
function 

Serum bilirubin was measured by the 
standard van den’ Bergh technique; values 
above 0.8 mg per 100 cc. were regarded as 
abnormal. 

Tests oF Kipney Function. The excretory 
power of the glomeruli was measured by 
urea clearance tests and nonprotein nitrogen 
(NPN) determinations; the excretory power 
of the tubules by  phenolsulphonphthalein 
(PSP) tests; and damage permitting the 
escape of elements from the blood by the 
presence of albumin in the urine and by 
microscopic examination. 

The urea clearance was determined by 
comparing the urea nitrogen in the blood 
with that in a sample of urine collected over 
a period of at least 6 and usually 12 hours 
standard analytical techniques were em 
ployed. A value of 50% or less of normal was 
interpreted as indicating abnormal function; 
a value above 70% was accepted as indication 
of adequate function. Values between 50 and 
70% of normal were interpreted as demon- 
strating questionable renal damage. 

Phenolsulphonphthalein (PSP) excretion 
was determined in specimens of urine voided 
15, 30, 60, 90, and 120 minutes after the 
intravenous injection of 1 cc. of dye. Excre- 
tion of 65% or more of the dve in two hours 
was regarded as normal in adults. The same 
dose was used in children, but an excretion 
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t 50% was judged to be normal 

Blood levels ot 
letermined by 
bove 40 
ibnormal 
tor 


nonprotein mtrogen were 


Values 
irded iS 


standard methods 


mg. per LOO cc. were reg 


pertorme d 


the iddi 


urinary albumin were 
itter 


Tests 
by boiling a sample of urin 

m of acetic acid 

\icroscopic 
on ex 


mples were centrifuged in 


the 
samples of voided urine 
idults, but 


examination of urine Was 
the 


not 


I hildren 


Results. The results are summarized 
the table 
detailed data 


in In order to save space 


are not included: in the 
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simultaneous hippuric acid tests 

showed a decrease in function. 
Hippuric acid excretion was satis 

factorily defermined in 16 cases. In 5 


cases multiple tests were done. In 13 
| 


patients the hippuric acid excretion 
was less than normal at some. time 
usually at or just after the clinical 
peak of the disease, about the third 
week of rash. In 6 instances less that 
1 gm. was excreted on the oral. test 
Nine tests gave normal values. In mn 


instance was. the hippuric acid excre 


ABLI THE NUMBER AND SEVERITY OF CASES STUDIED COMPARED WITH 
THE NUMBER SHOWING ABNORMALITIES Ol FUNCTION BY 
THE TEST INDICATED 
\ f ¢ S N ber t 1) N ber wit 
Kid Dama 
\ ( H S \ ( 

Fatal 
Severe ) } 6 
Moderate ! 6 10 5 ) | 
Mild ) 
rOTAI 10 26 0) 1S ) 
Before high 

protein diet 5 S 6 5 

Atter high 

protein diet 1] LS | 
rOTAI 16 26 0) f 1S ) 
Betore clinic il pe ik >) 

At clinical peak 6 S 2 

\fter clinical peak 

PrOTAI 10 f 1S 
analysis of data in some instances tion abnormal after the twenty-fir 
where different tests were done on dav of rash In patients wit 
successive days, they have been con- abnormal tests the hippuric acid exet 


sidered as if they were done on the 
same day. Despite the unavoidable 
lack of baseline tests made before the 
ot 


was afforded by the return to normal 


illness began, a measure control 
values after recovery and by compari- 
son with figures for similar tests per- 
formed in other infectious diseases. 

Liver Function. Galactos« 
tolerance tests were done on 9 patients 
and were repeated in 4 patients. All 
gave a negative reaction. In 5 instances 


TESTS O1 


* Detailed data are available and figures on 
on request 


to normal before d 


In general the defect in cor 


tion reverted 
charge 
jugation paralleled the clinical severit 
of the disease, 


mild did 


In ) instances 


though 3 patients wi 
test 
NPN 
determinations were above 40 mg. | 
100 ce., 5 instances the NPN 
was PSP tests 


gave normal values in 3 cases. 


cases have abnormal 


simultaneous 


while in 


normal. Simultaneous 


The prothrombin time was det 
mined in 1] patients. In 5 cases t 


spec ific tests in an individual can be furnis 


| 
— 


hy 
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prothrombin time, at some time during 
the course of the illness, was increased 
five seconds or more as compared with 
the control; the prolongation usually 
«curred at about the clinical peak of 
the disease Only 2 patients had mark- 
lly abnormal tests, however. The per- 
entage of activity in these 2 patients 
is 10 and 13% 
ises the activity was 55 to 787%. 


in the remaining 3 


One child, who had a_ normal 
rothrombin time on admission, re- 
ived prophylactic oral doses of 
1 mg. daily) for 5 days 
\t the end of that time (tenth dav of 
sh) the prothrombin time was two 


nadione 


ites against a control of 14 sec 
activitv). and the following 

if was 3 minutes against a control 

f 1S seconds (10% activity Within 
hours after 1 mg. of vitamin K was 
parenterally. the prothrombin 
returned to normal and remained 
One bov had a. slightly elevated 
thrombin time on admission. One 
later the prothrombin time was 2 
tes and 30 seconds. in comnarison 
th a control of 90 seconds (137% actin 
The prothrombin time remained 
this level fer 7 davs (from the third 
the tenth dav of rash) in spite of 


] 


daily parenteral administration of 
g. of vitamin Both of thes: 
es classed as severe. 
all instances the  prothrombi 
% Was normal by the time of dis- 
rge from the hospital. 
Serum levels of albumin and globulin 
re determined in all but 2 patients. 
these 2 the total serum proteins 
below 5 gm. %; they rose 
6.5 ym. by discharge. Albumin 
ues below normal were found at 
me time in 18 out of 24 patients; 
they returned to normal by dis- 
irge. Reduced globulin levels were 
ind in 4 patients; in 2 the value 
turned to normal by discharge. In 2 
itients globulin levels above 3.5 gm. 
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per 100 ce. were observed; in both they 
were still rising at discharge. 

Seven out of 7 patients observed 
before the institution of a high protein 
diet as part of the therapeutic regimen 
had lowered albumin levels. In only 
2 had the level risen to normal by 
discharge. In contrast, 11 out of 17 
patients treated with high protein diets 
had reduced albumin values, and in 
5 of these the value had returned to 
normal by discharge. 

The serum protein levels were lowest 
at or just before the clinical peak of 
the disease. The drop in proteins was 
influenced by the clinical severity of 
the disease, the duration of the illness 
before admission, and the amount of 
protein taken in the diet. 

Serum bilirubin’ values were ob- 
tained on 13 patients. In only one 
patient was the value elevated, and 
then only to 14 mg. per 100° cc 
though it remained elevated from the 
tenth through the thirty-first dav of 
rash. Liver damage was demonstrated 
in this patient by hippuric acid tests 
performed on the eleventh and_ six- 
teenth davs of rash. 

Eighteen bromsulfalein (BSP) tests 
were carried out on 14 patients. In 6 
instances slight retention of the dve 
was demonstrated; in 2 cases in which 
several different tests were done. reten- 
tion of BSP was the onlv indication 
cf liver damage. In 3 patients the 
bromsulfalein test was normal, while 
the hippuric acid test showed a low 
excretion. In one other the hippuric 
acid and BSP tests were in agreement 
Usually retention of the dve was noted 
at about the clinical peak of the dis- 
ease, or early in convalescence, though 
in 2 cases dve retention was observed 
before the clinical peak. 

Tests or Kioney Function. Urea 
clearance tests were satisfactorily com- 
nleted on 13. patients. One child 
showed definite evidence of renal 
damage. with an excretion of less than 
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20% of normal; she subsequently died 
trom the disease. In 8 patients the 
clearance was between 50 and 70% of 
normal; 3 of these patients were ovet 
10) vears of age. Four patients showed 
unimpaired urea clearance with an 
excretion of 70% of normal or greater. 
In 2 instances abnormal urea clear- 
ance tests reverted to normal by the 
time of discharge. The degree of dam- 
age could not be correlated with the 
clinical severity of the disease. The 
reduction in function usually occurred 
at or before the clinical peak of the 
disease, though 3 abnormal tests were 
observed after the peak 

Phenolsulphonphthalein (PSP) ex 
cretion tests were satisfactorily com- 
pleted in 9 patients All excreted 
normal amounts of the dve in 2 hours 
In all instances a greater amount of 
dve was excreted in the first specimen 
than in any other—a fact which fur 
ther supports the conclusion that the 
tubular excretory function was not im- 
paired. In 3 patients on whom a urea 
clearance test was also run, the results 
indicated a questionable impairment 
of function. 

Nonprotein nitrogen levels were 
determined in all but 7 patients. and 
were followed serially in 13 patients 
In 2 cases the NPN exceeded 70 mg 
per 100 cc. before the clinical peak 
of the disease. In 5 cases the NPN 
was found to be between 40 and 70 
mg. per 100 cc. at some time. In 12 
patients the level did not exceed 40 
mg. per 100 cc. at anv time. In 4 
patients an elevated NPN returned 
to normal bv the time of discharge 
but in one it was still 44 mg. per 100 
cc. In 2 others repeat determinations 
were not done. Since the fluid and 
protein intake, blood pressure. urinary 
output. and renal function all affect 
the level, it was impossible to correlate 
the changes with the severitv of the 
illness. 

Albuminuria of varying degrees was 
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observed at some time during the 
course of the illness in 10 patients 
Only 2 patients had a frank albumin 
uria, with a 2 plus reaction; 5 patients 
showed 1 plus reactions, and 3 patients 
had a trace of albumin. most 
instances albuminuria was found earls 
in the course or at the clinical peak 
of the disease; it usually persisted for 
two or three davs only, and then dis 
appeared, In 5 patients who had had 
albuminuria, the reaction was negative 
by the time of discharge. Since the 
amount of albumin in the urine is 
influenced by fever and by the urin 
volume, it was not possible to corre 
late the degree of albuminuria with 
the clinical severity of the disease. 
Vic roscopu examination revealed 
occasional granular or hyaline casts in 
only 8 cases. One patient had frank 
hematuria, with numerous red cells in 
the centrifuged urinary sediment, but 
the abnormality persisted only one 
dav: a simultaneous determination of 
the prothrombin time was not done 
Four patients slight) hematuria 
2 to 5 red blood cells per high power 
field) for periods of 1 to 3 davs. In 
most instances microscopic abnormal 
ities in the urinarv sediment wer: 
found at about the clinical peak of 
the disease: rarely were changes 
observed during convalescence. N« 
alterations suggestive of acute glom 
erulonephritis were found at anv tim 
Discussion. Liver Function. Dis 
turbances liver function were 
observed in patients with Rocky 
Mountain spotted fever. Alterations 
were greatest in the conjugation of 
benzoic to hippuric acid and in the 
serum levels of albumin and globulin 
but changes were also observed in the 
bromsulfalein retention test. the van 
den Bergh reaction, and the vrothrom 
hin time. The degree of the func 
tional disturbance usually not 
marked, but was roughly narallel te 
the clinical severitv of the disease 


ty 


toward normal asthe 
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Vetinite alterations were seen even in 


ld cases. The maximal changes in 
he prothrombin time and serum 


protein content occurred at about the 


linical peak of the disease. Alteration 


in hippuric acid excretion was most 
treque nt at the clinical peak, but also 


ccurred during convalescence; no 


ibnormal test was observed early in 
the course of the disease. Bromsulfalein 


etention was seen at each period 
ested. All tunctions tended to return 
patient 
COVE red. 
\lterations in prothrombin — time 
fect one function of the liver—syn- 
of complex molecules. The 
othrombin time is a measure of the 
othrombin contained in the circu- 
iting blood at the moment; it does 
tt indicate stores. The 2 cases in 
hich marked changes in the pro- 
rombin time occurred were both 
ere, and in both cases the change 
peared overnight. The prompt 
sponse of parenteral vitamin K in 
case would indicate that liver 
ction Was not greatly impaired. The 
tal serum proteins at the time were 
ly 3.9 gm. BSP test per- 
rmed 6 days previously was normal. 
he other patient did not respond 
ymptly to parenteral administration 
vitamin K, and was so ill that he 
not expected to recover'*. The 
ictose tolerance and BSP tests were 
rmal at the time; a satisfactory hip- 
acid test was not obtained until 
week after the prothrombin time 
erted to normal at which time 4 
was excreted. 
nfortunately, no determinations of 
prothrombin time were obtained in 
f the 3 fatal cases; in the other 
time was normal 5 days before 
th. None of the patients had 
ived salicylates or sulfonamides 
hich are known to induce liver 
iage and to prolong the prothrom- 
time) for several days before 
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the abnormalities were noted. 

A comparison of the prothrombin 
time and serum albumin level is not 
possible, because many of the patients 
received preformed protein intrave- 
nously, in the form of whole blood, 
plasma or purified human albumin, as 
part of the supportive therapy''’. 
These measures, as well as the high 
protein diet, probably would have less 
direct effect upon the prothrombin 
time than upon the albumin level. 

Hippuric acid excretion was altered 
in each of 6 patients tested before a 
high protein diet became part of our 
therapeutic regimen. After routine 
treatment with forced feedings of a 
high protein diet was instituted, the 
abnormality was observed in only 3 
of 18 patients. The fact that the 
albumin content was decreased in each 
of 7 patients tested before introduction 
of the diet, and in only 11 of 17 
patients after use of the diet was 
begun, lends further support to our 
belief that a high protein diet helps 
to prevent liver damage. In addition, 
the diet reduces the amount of pre- 
formed protein required for support 
of the circulation and seems to min- 
imize the development of peripheral 
circulatory collapse and edema". 

Pathogenesis of liver damage in 
infectious diseases. The pathogenesis 
of the liver damage occurring in 
Rocky Mountain spotted fever is not 
clear. Though the rickettsias are 
characteristically found intranuclearly 
in thé endothelium and smooth muscle 
cells of arterioles, vascular lesions in 
the liver are not prominent. In fatal 
cases small areas of necrosis have been 
observed in the midzonal areas away 
from arterioles*!. In the absence of 
myocardial failure, the liver was pal- 
pable in only one of our patients. In 
none of the 3 fatal cases was the liver 
found to be enlarged at autopsy; micro- 
scopic examination showed slight 
degeneration of parenchymal cells with 
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minimal vacuolization in only | 
patient. This child had marked 
purpura and was treated before the 
introduction of the high protein diet. 
We have not attempted serial aspira 
tion biopsies of the liver to correlate 
functional and anatomic damage in 
this disease. 

In certain other infections, such as 
epidemic virus hepatitis, yellow fever, 
and homologous serum jaundice, 
hepatic cells apparently are directly 
parasitized. Hepatitis has been ob- 
served following interstitial infections 
of the liver with bacteria such as the 
beta hemolytic Streptococcus and 
Escherichia coli. In other diseases the 
reticuloendothelial (Kupffer) cells in 
the liver become filled with larger 
intracellular parasites such the 
Leishmania. In infestations with. still 
larger parasites, such as the Schisto- 
soma, the eggs or adult parasites are 
filtered out in the venous channels of 
the liver and induce a local foreign 
body reaction with marked scarring 

Functional liver damage has been 
observed in many infectious diseases: 
in few instances, however, have 
multiple tests been performed to meas- 
ure different functions, or have tests 
been run serially. Except when there 
is direct parasitization of the liver cells 
or massive extracellular invasion by 
bacteria, spirochetes or larger parasites, 
function is seldom altered greatly. 
Reduction in function may occur dur- 
ing the acute febrile period or during 
convalescence. It has been noted that 
alterations develop most frequently 
about 3 weeks after the onset of any 
disease. In scarlet fever the changes 
occur at about the time complications 
develop, during the third week of ill- 
ness**, In malaria the alterations in 
the cephalin-cholesterol flocculation, 
albumin-globulin ratio, and bromsulf- 
alein excretion occur during the acute 
febrile phases of the 
Indeed, decrease in liver function has 
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been observed in fever produced artifi 
cially without actual infection''>. Stud 
ies have also been conducted in patients 
with chronic infectious arthritis, infec 
tious mononucleosis experimental 


infectious hepatitis, pneumococcal 


pneumonia lymphogranuloma and 

The exact mechanism which 
changes in hepatic function 
without destruction o1 compression ot 
liver parenchyma is obscure. Fever 
itself apparently will reduce the func 


- tion of hepatic cells, but the changes 


quickly disappear as the temperature 
subsides. This mechanism may explain 
transient alterations appearing early in 
the course of a disease. It is possible 
that soluble products of the rickettsias 
of Rocky Mountain spotted fevel 
might diffuse out of vascular cells els¢ 
where in the body and reach the liver 
through the blood. producing a direct 
hepatotoxic effect; however, the fun 
tional changes except for those in 
pigment metabolism, usually occur toc 
late to be due to such a mechanism 
The alterations in function which have 
been observe d in various chronic inter 
tions or late in the course of othe 
acute infections (during the third week 
of illness. whe Th convalescence is estab 
lished ) would suggest another mechan 
ism. The immune balance has alread) 
been tilted by this time, and it seem: 
late for an antigen-antibody reactior 
to be at fault, as it may be in th 
pathogenesis of circulatory failure! 
Furthermore, hypersensitivity has no 
been demonstrated in patients wit! 
Rocky Mountain spotted fever. On th 
other hand, allergic liver necrosis ha 
been demonstrated in hypersensitiy 
animals after the injection of eg 
white!®. In fatal cases of Rocky Mou 
tain spotted fever microscopic lesiol 
found in various organs resemble thos 
seen in serum sickness—an__ illne 
which seems to be due solely to tl 
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interaction of antigens and _= anti 
bodice 

Prophylaxis against liver damage. A 
prolonged and severe illness reduces 
the intake of protective foods and 
exhausts the stores of many body sub- 
stances. This situation may induce a 
metabolic imbalance which could dup- 
licate that resulting from the experi- 
mental restriction — of proteins and 
potropi substances to produce tatty 
livers*. In our experience a high pro- 
tein diet with vitamin supplements has 
iflorded some protection against liver 
lamage in Rocky Mountain spotted 
fever. In therapeutic malaria, however, 


moderate increase in the protein 


ntake has afforded no protection 
gainst alterations in hippuric acid 
xcretion®. In experimentally produced 
urns, Where liver damage is known to 
cur, a high protein diet supple- 
ented with methionine has tended to 
luce the extent of protein catabol- 
» as measured by nitrogen loss in 
he urine®. Presumably the liver would 
Iso. be protected to some extent. 
Veasurement of liver damage. In 
event, the defect in liver function 
Rocky Mountain spotted 
er is not great enough to cause 


curring 


ith, and is reparable with recovery. 
introduction of effective specific 
tibiotic 


d chloromvcetin may reduce. still 


therapy with aureomvcin 


rther the incidence of abnormal liver 
ction tests in this disease. From 

experience we believe that a few 
ected tests—albumin globulin 
ls, prothrombin time, and hippuric 
| execretion—done in the second 
k of rash will detect functional 
damage and provide a good index 
ts degree. On the basis of the lim- 

data available and the hem- 
hagic character of the anatomic 
ms. the response of the prothrom- 
parenteral injections 
itamin K may be helpful in esti- 


ting pre 


time to 
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KipNEY Renal function is 
altered less than liver function in 
Rocky Mountain spotted fever, but the 
disturbance does not appear to par- 
allel the clinical severity of the disease. 
\ decrease in kidney function has 
been observed less frequently than 
alterations in the liver. Maximum 
changes appear earlier than with lives 
damage and seem to revert promptly 
to normal with recovery. The reduc- 
tion in kidney function seen in patients 
past the age of 40 should not be 
attributed solely to the infection, since 
the amount of functioning renal tissue 
is known to be reduced by the ordinary 
wear and tear of advancing vears. The 
reliability of the urea clearance. test 
as a measure of renal function in chil- 
dren is not universally accepted. but 
no other tests gave conclusive evidence 
of renal damage. No changes have 
been observed which resemble those 
seen in glomerulonephritis. 

In view of the high excretion of 
urinary nitrogen which occurs in 
Rocky Mountain spotted fever, as well 
as in other infectious diseases. and the 
minimal alterations in urea clearance 
tests, it is probable that the azotemia 
which has been observed in many 
cases is due. not to renal insufficiency. 
but to massive destruction of proteins 
or to reduced glomerular filtration 

circulatory disturb- 
Circulatory disturbances 


caused by 
affect renal function more than liver 
function. The distribution of bodv 
fluids, as determined by simultaneous 
measurements of the blood volume and 
extravascular thiocyanate fluid snace. 
has been shown to be altered in Rocky 
Mountain spotted fever". 
Pathogenesis of renal damage. The 
mechanism responsible for renal 
changes is obscure. Fever alone has 
been known to reduce the creatinine 
clearance in dogs??. In Rocky Moun. 
tain spotted fever vascular damage is 
produced by direct  parasitization of 
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cells. In serum sickness and the exper- 
imentally produced vascular disease 
resembling periarteritis nodosa, renal 
lesions are pronounced and are accom- 
albuminuria 


panied by albuminuria; 


has not been marked in our cases of 
Rocky 
The renal 
damage does not fit with an antigen- 


S30 


Mountain spotted fever?’ 
time of occurrence of the 
antibody reaction. Such reactions. re- 
sulting in serum sickness, have been 
excretion of 


shown to decrease the 


chloride and water; a reduction in 
blood chlorides and retention of wate 
have been observed frequently in 
Rocky Mountain spotted fever, but 
have not yet been shown to be due 
to a renal 


No specific 


devised which will afford protection 


measures have been 
against the temporary renal damage. 
Summary. 1. Functional 
age, roughly related in degree to the 
clinical severity of the illness, has been 


liver dam- 


demonstrated by in patients 
with Rocky Mountain spotted fever 
Changes were most marked and most 
frequent in the hippuric acid excretion 
test, which usually showed the great- 
est alteration at or following the clin- 
ical peak of the disease. Reduction 


in pigment metabolism (as measured 


by the bromsulfalein retention test 
and the van den Bergh reaction) and 
reduction of the formation of comnlex 


MOUNTAIN 


SPOTTED FEVER 


molecules by the liver (as shown by 
the prothrombin time and the albumin 
and globulin contents of serum) wer 


found during the acute febrile phas 


of the disease. All liver functions 
returned to normal during conva 
lescence. 

2. Functional renal damage was 
demonstrated — occasionally in the 
course of Rocky Mountain spotted 
fever. Reduced urea clearance values 
and transitory albuminuria or hema 


The 


commonly found is probably causec 


turia were observed azotemta 


by factors other than reduced renal 
The defect in 


was slight in degree, occurred befor 


function renal function 
during or after the clinical peak of 


the disease, and returned to norma 


during convalescence the degre 
correlated with the cli 
of the illness 

3. These changes are not specific 
Rocky Mountain spotted fever and ar 
different thos 


other 


could not be 


ical severity 


not significantly from 


obtained in many generalizs 
infections 


$1. The administration of a high pr 


tein diet—bv forced feedings of 

liquid supplement, if necessaryv—pro 
tects the liver against marked fun 
tional damage; it does not alter th 


function of the kidneys, though it ma 
temporarily overload them 
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EMBOLIZATION WITH MATERIAL FROM 


ATHEROMATA 
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from the Laboratories, Division of 
EMBOLIZATION Of systemic arteries 
with material from eroded aortic ather- 
omata has been recognized only re- 
cently as a clear cut histological entity, 
although it is by no means rare and 
references to its occurrence can be 
found in some of the older text books. 
Flory devoted an excellently — illus- 
trated article to this problem, while 
\Mever® trom Rossle’s Institute, not be- 
ing aware ol Flory's paper, stated in a 
paper published only 2 vears ago that 
he had discovered a new type of em 
bolization. 

The reasons for the delayed discov- 
ery of such a basic process ‘are several 
the foremost being misinterpretation of 
the findings as organizing thrombi, as 
pointed out by Meyer. Yet it remains 
amazing that lesions of this type are not 
generally familiar to pathologists 

The following report is a case in 


point 


Case Abstracts. Case 1. This 62 vear old 
in was admitted becaus« it ishen color,” 
ibored respirations, restlessness and con 
fusion. He had ecchymoses over buttocks and 
thighs and was bleeding trom the rectum 
Che past history was noncontributory except 
for an episode of unconsciousness 4 months 
before this admission which had required 
hospitalization elsewhere. On admission here 
he was found to have a hard, large, nodular 
prostate He had severe anemia, occult blood 
in the stool and only 5,000 platelets per c.mm 
in the peripheral blood. The differential count 
suggested diffuse bone marrow replacement 
The sternal marrow aspiration revealed tumor 
cells. Blood urea nitrogen was 107 mg. and 
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creatinine 4.7 per LOO cc. The urine con 


tained ibumin with a specific gravity of 


1.021, 4 to 5 red blood cells per high power 


field and some ranular casts. De spite sup 
the patient died on the third 


portive measures 
day in the hospit il. The clinical diagnosis wa 


carcinoma of tl prostate with widespre id 


metastases 
14130 


Phere was involvement of lymph nodes, lungs 


This was confirmed at autopsy 


right ureter and vertebral bone marrow wit! 


marked osteopla t reaction The re Was severe 


systemic arteriosclerosis with sclerosis of all 
the coronary artery branches with minimal 
narrowing. The yvocardium showed focal 


necrosis which w scribed to the anemia 
silateral hydrothor 


icute hepatic congestion were present. Ther 
| | 


pulmonary edema and 
was severe ithe itosis of the iortic arch 
the thoracic and abdominal aorta, as well as 
the splenic ind left renal arteries. Many of 
these atheromata were eroded. The iliac vein 
bosed. Multiple 


infarcts and healed 


were not thi icute splenic 


renal infarcts were found 
In the absence of valvular disease, mura 
thrombi of the heart and patent forame! 
ovale, it was postulated that the infarcts of 
spleen and kidneys were due to embolizati: 

of atheromatou material from the erode 


Microscopic examination of trozen sectio1 
from the infarcted areas of kidney and spleer 
revealed the vessels supplying these areas t 
be plugged by amorphous material « mbedd 
in which were found acicular spaces Wher 
the Schultz test!* was applied to these slide 
the colorless doubly-refractile material in 


these slit-like 


changes tvpical of cholesterol ( green in a fe 
ges ty] g 


spaces underwent the col 


minutes and brown in 30 minutes). In add 
tion to spleen and kidney, embolization coul 
be demonstrated microscopic ally in the arte 
ies of the following organs: pancreas, pr‘ 
tate, thyroid, jejunum, rectum, vertebral ma 


row, periosteum of the sternum and comnx 
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containing acicular spaces in 


Large submucosal artery in jejunum 
parallel arrangement with giant cell reaction (x 150). 
Acicular spaces and amorphous material in the lumen of intramural 


CasE l. 


z (CASI 9 
ronary artery branch with leukocytic ( predominantly eosinophilic ) reaction (x 350 ). 


3. Case 2. Intramural coronary artery branch showing fibrous wall with inflammatory 
Lumen contains similar cells surrounding large eccentrically located fusiform space 
(x 600). 


t. Case 2. Intimal thickening of intramural coronary 
in the surrounding myocardium. Same artery as in Fig. 3, at different level (x50) 


artery branch with 3 small 


| 
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bile duct. Frequently there was typical tor 
eign body giant cell reaction surrounding the 
intravascular cholesterol crystals 


This case then represents the most 
common form of atheromatous emboli- 
zation, namely the chronic or even 
healed phase of embolization with 
atheroma material. Some of the in- 
volved organs, seen in this case, have 
either not been mentioned before or 
pictured as being involved by this type 
of embolization and it is for this reason 
that we show an illustration of the 
jejunum (Fig. 1) 

The acute phase of this process ap- 
pears to have escaped the attention of 
histopathologists and for this reason the 
following case is reported: 


Case 2. A 35 year old man of Armenian 
extraction was admitted because of “not feel- 
ing well” for several hours. While in the re- 
ception room he developed deep cyanosis 
with stertorous breathing and lapsed into 
coma. The heart beat and pulse became un- 
obtainable and he died shortly thereafter 

Autopsy revealed the following pertinent 
findings (13563): Severe coronary arterio- 
sclerosis with occlusion of the right coronary 
artery about 1 cm. from the ostium by a 
hemorrhagic plug. The heart weighed 375 gm. 
and was pale reddish-brown and flabby. All 
cardiac chambers were moderately dilated. 
Endocardium and valves were normal. There 
was a lentil-sized greyish patch in the pos- 
terior wall of the left ventricle. There was 
arteriosclerosis of the aorta, particularly of 
the descending thoracic and abdominal parts. 
There was no erosion of plaques in the aorta 
anywhere. Microscopic study confirmed the 
above findings and showed the occlusion of 
the right coronary artery as being due to 
hemorrhage into an atheromatous plaque. 
Acute and subacute myomalacia was found in 
the posterior wall of the left ventricle. 

There was, however, one feature which : 
first could not be explained properly, name ty 
the occurrence of inflammatory cells, among 
them many eosinophils, surrounding intra- 
mural arteries and extending into the broader 
septa of the vicinity. This was seen only in 
the posterior wall of the left ventricle and 
not in sections from other parts of the heart. 
A fortuitous frozen section accidentally sup- 
plied us with the correct answer (Fig. 2). 
This section showed arteries within the myo- 
cardium, surrounded by a dense inflammatory 
infiltrate and plugged by amorphous material 


MATERIAL FROM ATHEROMATA 


containing acicular spaces, usually associated 
with cholesterol crystals. It was then dec ided 
to cut serial sections of the tissue block from 
the posterion wall of the left ventricle. Our 
expectations were substantiated as several 
arteries which at first showed only the in 
explic able perivascular inflammation, in the 
serial sections revealed incontestable proof of 
occlusion by amorphous material cont: uning 
slit-like spaces. This can only be interpreted 
as embolization with atheroma material from 
the right coronary artery inasmuch as _ ther« 
was no eroded atheroma anywhere in the 
aorta. 

Careful scrutiny of the serial sections al 
lowed chronological grading of the vascular 
lesions. Vessels surrounded by inflammatory 
cells with prevalence of polynuclears (and 
eosinophils ) were felt to represent the most 
acute phase. Lesions where multinuc leated 
giant cells are prominent represent a later 
stage. The oldest lesion found is character 
ized by fibrous thickening of the intima (Fig 
3). Lesions of this type were associated with 
small myocardial! scars at a short distance from 
the luck | The S¢ scars could be 
traced to arterioles arising from the obstructed 
artery (Fig. 4 

This case brings up several new 
points. Firstly, embolization with athe- 
roma materi: i] may arise trom an arte ry 
other than the aorta—in this instance 
the right coronary artery. Secondly, 
myocardial scars may be due to this 
process, a fact which might be brought 
out by use of serial sections. Thirdly, 
the acute phase of this condition may 
impress as an arteritis with conspicu- 
ous eosinophilic polymorphonuclears. 
Whether this is due to an allergic re- 


sponse to the body’s own proteins 


which are present in the atheroma we 
are not prepared to say. 

CasE 3. The last case to be discussed con 
cerns a 77 year old woman who was admitted 
for gangrene of the middle toe of the left 
foot. She had had pain in both legs for 2 
months before admission, and a black spot in 
the area described was noted 10 days befor: 
admission. This spread with increasing pain 
She had had a “heart attack” some 5 vears 
before admission, which confined her to bed 
for several weeks. An electrocardiogram was 
not taken at the time. On admission she ap 
peared acutely ill with blood pressure of 
120/80 and irregular pulse averaging about 
72 beats per minute. She had kyphoscoliosis 
to the right and dullness at the right base wit] 
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diminished breath sounds in the same area. 
Her heart was enlarged to the left with a sys- 
tolic murmur and apical gallop rhythm. Radial 
pulse S were poor and so was the left femoral 
rhe patient died on the third hospital 
day while on penicillin therapy. 

Autopsy 


pulse 


14159) revealed severe systemic 
arteriosclerosis. There was an arteriosclerotic 


occlusion of the superior mesenteric artery 


near its origin and an old occlusion of the 
anterior descending branch of the left coron- 
ary artery with a healed infarction of the 
anterior wall of the left ventricle. The heart 
weighed 550 gm. The right and left ventricles 
were dilated and hypertrophied. The mitral 
ostium admitted 2 fingers and therefore did 
not participate in the dilatation of the ven- 
tricle. This was due to marked thickening and 


5 CasE 3. 
eromatous mass arising from the mitral valve ring and pushing the posterior cusp into 
the ventricular lumen. 

6. Case 3. Jagged basophilic fragment similar to the ones in the mitral ring atheroma 
in the wall of a large renal artery, associated with a healed infarct (x50). 
Case 3. Microscopic view of the margin of the mitral valve ring showing the 
brocaleific capsule and atheromatous material with large jagged fragments (x 150). 


Cross section through posterior wall of left auricle and ventricle, showing 
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sclerosis of the mitral valve ring, which caused 

15 mm. bulge on the undersurface of the 
posterior mitral cusp. The lateral margins of 
this bulging mass fused with the sclerotic 
mitral ring. On cross section this mass was 
ucified in the periphery and contained 
vellowish-white grumous material (Fig. 5 
No mural thrombi were found in the heart 
The coronary vessels and the aorta showed 
l rk d ithe rOS¢ le TOSIS No scars Were ‘not d in 
the spleen or pancreas at the time of the 
vTOSS examination. The kidnevs we ighed LSS 
nd 210 gm., were reddish-brown and their 
ipsules stripped readily. The exposed sur 
face was finely granular with numerous coars« 
lepressed red scars varving from. several 
iillimeters to 1 cm. in diameter. These scars 
were mainly localized along the convexity of 
the organ giving the typical appearance of a 
enile arteriosclerotic kidney. 

Histological examination however showed a 
large branch of a renal artery leading into 
deep cortical scar to be almost occluded by 

basophilic, jagged fragment the nature of 
which could not be ascertained at first (Fig. 
6 Similar fragments were seen in other 
branches of the renal artery and in arteries 
the pancreas and spleen. Invariably the 
fragments were embedded within the arterial 
wall and separated from the lumen by a laver 
f intima of variable thickness. This was ob 
served in serial sections and presented also 
in unexpected finding. Occasionally thes 
igged fragments were eosinophilic 

\ficroscopic study of the section of the 
‘itral valve ring clarified the nature and 
probable origin of the aforementioned frag- 
ments. The large atheromatous thickening of 
the valve ring contained fragments which were 
identical in size, shape and staining character- 
stics with the ones found in kidney spleen 
ind pancreas (Fig. 7). It was then decided 
that the lesions in kidney, spleen and 
pancreas were of an embolic nature. Although 
similar fragments may be found in _ aortic 
itheromata, the absence of the cholesterol 
rystals in the embolic lesions and in the 
mitral valve ring lesion speak against an 
iortic origin of the embolic material 

Closer scrutiny of the mitral ring lesion 
shows how attenuated the tissue is in places. 
One can well imagine that a lesion of this 
unusual size may thus perforate and empty 
some of its contents into the systemic circula- 
tion. The peculiar position of the embolic ma- 
terial within the wall of the arteries and se pa- 
rated from the lumen is, in our opinion, due to 
the lesion being healed after embolic material 
has become impacted in the wall, a_proc- 
ess which in other instances led to the forma- 
tion of aneurysms; for example, in healed 
subacute bacterial endocarditis® 
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This patient then represents a Cast 
of embolization with material from an 
unusually large arteriosclerotic valve 
ring. To our knowledge no similar case 
has been reported. The gangrenous toe 
could not be examined microscopically 
and might have been of embolic origin 
although this is not too likely because 
of absence of acute embolic lesions in 
other organs. 

Discussion. Panum®, in a study on 
embolism, reported the gross findings 
of the autopsy of Thorwaldsen and 
ascribed his sudden death to athero 
matous rupture in the coronary artery 
with occlusion due to this rupture. No 
microscopic examination is recorded. 

Doch* reported a case of ruptured 
coronary atheroma with multiple em 
boli in the larger coronary branches duc 
to cholesterol. There is no microscopic 
description of the lesions. 

Le Count? describes calcareous em 
boli of several organs and the heart and 
traces these emboli back to atheromata 

Allbutt’ also mentioned the possibil 
ity of embolization from atheromatous 
ulcers into various organs, making 
special reterence to syphilitic arteritis 

Benson? reviewed the literature of 
aortic atheromata giving rise to embo] 
and comes to the conclusion that ther 
is reason to believe that they are mor 
common than had been realized. 

Flory® is the first to describe in deta 
the microscopic lesions and interpre 
them as cholesterol emboli. He found 
these in the lumina of arteries of th 
kidney, spleen, pancreas and_ thyroi 
Foreign body giant cells partly su 
round the acicular spaces. Flory foun 
these lesions in arteries from 55 to 900 
in external diameter. In these lesior 
the intima was found to be hyperplast 
and giant cells are an almost constai 
associated finding. Occasionally the 
were hemosiderin-filled macrophag: 
found in the luminal occlusion, sugge: 
ing an organizing embolus or previo 
hemorrhage. To confirm the impressi 
that these lesions were embolic. ori 
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nating in aortic atheromata, this author 


scraped yellow material from several 
and suspended the 
scrapings in physiologic saline solu- 
tion. Microscopically, this suspension 
ontained cholesterol crystals, fat drop- 
ets and red blood cells. This material 
was injected into the ear veins of 2 
rabbits, and lesions similar to the ones 
lescribed above were found in the 
‘small arteries of the lungs, surrounded 
by leukocytes if the animal was sacri- 
ficed 24 hours after injection, and sur- 
ounded by foreign body giant cells 
ind hype rpli istic intima when sacrificed 
7 days after injection. In a review of 
iutopsy material of 267 subjects likely 
to have similar lesions, he found an 
ncidence of 3.4%. Excellent illustrations 
ire included in this paper. 

\Meyer® described in detail 2 cases of 
holesterol embolization. One case 
howed numerous lesions in the kidneys 
nd in the pia-arachnoid, presumably 
rising from aortic atheromata super- 
nposed on a syphilitic aortitis. The 
ther case showed numerous lesions in 
he kidneys, spleen, brain, gastrointes- 
nal tract and some in the myocardial 
rteries in the presence of moderately 

ere ulcerating atheromatosis of the 

rta. The lesions he describes and 
ustrates are essentially similar to 
se described by Flory. 

The findings in our 3 cases re present 

rious aspects—some of them new—of 

holization with material from athe- 


MATERIAL FROM ATHEROMATA 


roma. Their special features were dis- 
cussed above. 

Summary. 1. Embolization with 
atheromatous material is far more ftre- 
quent than generally assumed. The 
pathologist usually sees the late or 
healed form described 
recently by Flory and independently by 
Meyer. Our first case belongs to this 
group. 

The embolic material does not 
necessarily come from aortic atheroma 
but may occasionally arise in a systemic 
artery 


which was 


(coronary artery, Case 2) or 
even in an atheromatous valve ring 
(Case $3). 

. The acute phase of this process 
may represent itself as a panarteritis 
with many eosinophils, necessitating 
serial sections for elucidation of its true 
nature (Case 2). Foreign body giant 
cell formation and intimal thickening 
are later phases of this process. 

4. Scars, e.g., in the kidneys, may be 
caused by these emboli and mic roscopic 
scarring of the myocardium likewise. 

5. Embolization with atheroma ma- 
terial should be regarded by the clini- 
cian as an existing and not too rare 
entity. Pathologists and neuropatholo- 
gists should prove its presence in any 
given case. It is possible that a good 
number of cases of cerebral damage 
may be caused by this type of emboliza- 
tion, as mi uy be transient and perma- 
nent impairment of visceral or peri- 
pheral circulation (toes, and so on). 
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THE OCCURRENCE OF CHRONIC CYANOSIS IN CASES OF 
ATRIAL SEPTAL DEFECT 


By ARTHUR SELZER, M.D. 
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AtviIn E. Lewis, M.D. 


FELLOW IN 
SAN FRANCISCO, 


From the Departments of Medicine and Pathology, Stanford University 


Rorster”’, Bedford, Pap and Parkin- 
son*, and Burrett and White® presented 
excellent reviews of clinical and patho- 
logic features of atrial septal defect. 
which is thus one of the best known 
syndromes in congenital heart disease. 
Atrial septal defect was classified by 
Abbott! and others as a late cyanotic 
lesion, associated with “cyanose 
terminal cyanosis due to a 
reversal of the direction of the intra- 
cardiac shunt which occurs with car- 
diac failure increasing pressure in the 
right auricle. Taussig?* stated recently 
that slight acrocyanosis due to dimin- 
ished blood volume and increased utili- 
zation of oxygen in the body may be 
present in atrial septal defect, but 
“there is . . . never the intense cyanosis 
and concomitant clubbing which are so 
characteristic of a venous-arterial 
shunt”. She states that if clubbing is 
present it is indicative of some addi- 
tional factor. 

Recent studies of arterial oxygen 
saturation in cases of atrial septal 
defect®:1!:14.25 have demonstrated varv- 
ing degrees of arterial anoxemia in 
patients who apparently were not in 
cardiac failure. We were provided with 
the opportunity of observing a patient 
who showed chronic cyanosis, polycy- 
themia and clubbing of digits and who 
at autonsy was found to have an 
uncomplicated atrial septal defect. The 
purpose of this communication is to 

(516) 


one 
tardive’?, 


PATHOLOGY 


CALIFORNIA 


l School ot Medic ine 
report this case, to review autopsied 
cases of atrial septal defect collected 
from the chronic 
evanosis was observed and to discuss 


literature in which 
the possible causes of cyanosis associ- 
ated with this lesion. 


Case report. A 35 year old college instru 
tor entered Stanford University Hosnpitils for 
a diagnostic checkup on May 21, 1947 

Hie was born at term i “blue 
baby”. Except for a slight tendency to breath 
At thi 


he sudde nly he 


ind was not 


lessness, his developme nt was normal 
age of 12, after 


extremely 


a toot race 
came dyspne 1¢ ind consulted 
physician who told him he had a “leak 
and activities. At tl 
age of 24 he developed attacks of squeezin 
precordial pain of 1] 


usually 


valve” restricted his 
duratio 
related to emotional upscts. He wa 
not reporte d then as being definitely cvanoti 


to 2 hours 


In his late twenties lh developed clubbir 
of fingers. He was in reasonably good healt 
and was moderately active, suffering fro 


exertional dyspnea and attacks of precordi 
pain which relieved nitroglvcerir 
His hospitalization was prompted bv a desi 
to find out whether his cardiac disease w 
correctible by 


were 


surgery. 
Phusical examination revealed a tall. we 


nourished and developed man who show: 
moderate cvanosis. His heart was. slight 
enlarged to the left. There was a diastol 
shock felt. A loud second sound was heard 


over the pulmonic area, but otherwis 

abnormal auscultatory findings were report 
After exercise there a grade I blowi 
apical murmur and t 
showed marked clubbing and cyanosis of t 


was 
systolic Fingers 
nail beds. His blood pressure was normal 

Laboratory procedures. Blood count: H 
20.7 gm., rbe. 7.2 mil., packed cell volu 
58%, otherwise normal findings. Urinal) 
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remarkable. Circulation time (arm to 


1 21 secs.; venous pressure, 7 cm. 
ter; vital capacity, 3.4 liters. A 4 lead 
ty rdiogram showed right-axis deviation 


phasic T-waves in Leads 2 and 3. 


) en saturation of venous blood was deter- 
r immersion of the hand in warm 


water to approximate arterial oxygen satur- 
ation and a value of 44% was obtained. 
Roentgen-ray studies. Chest roentgenograms 
revealed a striking prominence in the region 
of the pulmonary artery and its branches with 
widening of the upper mediastinal shadow, 
but only a moderate cardiac enlargement 


Fig. 1. Roentgenogram of chest. 


Right ventricle and auricle, showing hypertrophy and dilatation of the right ventricle, 
dilatation of the right auricle and the defect in the atrial septum. 


The aneurysmal sac of the left branch of the pulmonary artery, lined with thrombi. 


A section through the lungs showing a representative small branch of the pulmonary 
ry: slight medial hypertrophy and intimal thickening but no proliferative changes. 


2 


Fig. 1 The pulsations of the pulmonary 
irtery segment were not considered abnormal. 

Course. The patient was discharged after 
1 week’s stay in the hospital and he returned 
to work. In December of 1947 he was exam- 
ined in the out-patient clinic, and his condi- 
tion was reported essentially unchanged except 
that a definite systolic murmur was heard 
along the left sternal border and his packed 
cell volume was 61% 

The patient was readmitted on June 7, 
1948, stating that 2 days previously he had 
developed anterior chest pain and had had 
repeated small hemoptyses. Immediately after 
admission he complained of increasing chest 
pain, began expectorating blood, went into 
shock and died 1 hour after admission. 

Autopsy. At post-mortem examination club- 
bing of the fingers and toes was noted. There 
was marked lividity of the dependent parts 
but no ankle or sacral edema. When the 
thorax was opened approximately 1 liter of 
clotted and liquid blood was found in the left 
cavity, while the right side was almost drv. 
Che pericardial space was obliterated by 
diffuse fibrous adhesions. The heart, emptied 
of blood, weighed 525 gm. The right atrium 
was voluminous and almost continuous with 
the small left atrium through a defect about 
tf cm. in diameter (Fig. 2). The remnants 
of the interatrial septum were represented 
by a blunt low ridge of tissues on the inferior 
margin of the defect, lying near the midline 
above the interventricular septum. The right 
ventricle had thick trabeculations: its wall 
was about 5 mm. thick and its chamber ap- 
peared to have about twice the volume of 
that of the left ventricle which was 8 mm. 
thick. The pulmonary valve leaflets were 
normal but the circumference of the valve 
was 11.5 cm. The following additional meas- 
urements of valve circumference were ob- 
tained; tricuspid 15 cm., mitral 12 cm., aortic 
9 em. The coronary vessels were open and 
free of sclerosis. The pulmonary artery and 
its left primary branch had a large aneurysmal 
dilatation about 10 cm. in diameter partially 
filled with layers of thrombus (Fig. 3). At 
the distal margin of this aneurysm there was 
a tear opening upon a large friable mass of 
clotted blood which replaced much of the 
pulmonary parenchyma of the left lung. This 
mass extended out into the pleural space 
through a tear in the pleura near the base. 
There was some old dense, white scar tissue 
in the region of this tear. The right primary 
branch was dilated but contained scattered 
atheromatous plaques in its wall. The left 
lung, which was filled with blood, weighed 
700 gm.; it showed little crepitation and with 
pressure its cut surface exuded large quan- 
tities of blood. The trachea and both bronchi 
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contained some clotted and Huid blood. The 
remaining viscera were not remarkable. 
Microscopic examination There was some 
thickening of the myocardial fibers of the 
right ventricle and the epicardial fat was 
re pli iced by loose fibrous tissue in all sections 
In sections of the aneurvsm the clot was 
composed concentric laminae of thrombus 
in various stages of hyalinization. There were 
capillary ingrowths and numerous leukocytes 
in portions of the thrombus near the wi ill 
The adjacent vessel wall was flattened and 
contained occasional prominent strands ot 
collagen among the elastic fibers of the media 
In the region of the rupture the fibers of th 
wall were fragmented and the adventitia was 
heavily infiltrated with leukocytes. Sections of 
the right pulmonary artery “revealed some 
atheromatous thickening in the vessel walls 
The pulmonary parenchyma adjacent to the 
tear was almost obliterated by recent hemor 
rhage and the more distant alveoli were filled 
with blood. Scattered throughout both lungs 
were occasional areas ot old ind recent focal 
In some of the foci the paren 


hemorrhage 
chyma was replac ed by granulation tissue con 
taining many macrophages filled with hemo 
siderin. There were also a few areas wit] 
dense bands of fibrous tissue containing clus 
ters of hemosiderin-filled macrophages. In se« 
tions of the grossly noted thickened pleur 
there was dense fibrous tissue containing 

few aggregates of lymphocytes and occasion 
leukocytes. The small arteries and arteriol 
of the lungs were carefully inspected an 
showed slight intimal thickening (Fig. 4 

No thrombi were found 


Comment. This is an instance of 
congenital heart disease with atria! 
septal defect in which the dilatation of 
the pulmonary artery assumed aneurys 
mal proportions and the vessel finally 
ruptured. Pulmonary artery aneurysm 
occur not infreque ntly in associatio 
with atrial septal de fects and othe 
lesions causing large arteriovenous 
blood shunts, but rupture of suc! 
aneurysms is very rare. 

Clinic: ally, this patient fulfilled most 
of the criteria for the diagnosis of atri 
septal defect except for the occurren 
of chronic cyanosis, clubbing of digits 
and polycythemia. These features 
appear to have developed during th. 
last 10 years of life and were progr 
sive. At no time was there any evidence 
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{ cardiac tailure, and the patient was 
ioderately active until shortly before 
s death. 
Pathologic teatures of this case were 
accord with the concept of a sizable 
ft-to-right blood shunt: dilate! richt 
iricle and a small left auricle: hyper 


rophy and dilatation of the right ven- 
ricle but none of the left ventricle: 
finally dilatation of the 


pulmonary 
rtery. It is noteworthy, however. that 
atheromatous 
hanges in large pulmonary vessels 


Ithough there were 


there were none of the obliterative 


hanges in the small pulmonary arteries 
nd arterioles usually associated with 
ironic pulmonary hypertension. 

Cases collected from the literature. 


\ group of 1SO cases of proven atrial 


ptal defect with or without con- 
mitant mitral stenosis (Lutembacher 
drome ) were reviewed. These were 


ken from the following sources: 


\bbott’s chart contained 73 such 


es; Roesler’s?® review presented 62 
ses, 37 of which were not duplicates 
\bbott’s cases. McGinn and White"? 
iewed 24 cases of the Lutembacher 
drome, and 7 of these were not 
luded in previously named series. 
rdett and White® presented a review 

| recent cases. Welch and Kinnev?* 

ises, and Dry!? 4 cases. Three other 
°6 Of these 
ases. 1] were thought to represent 
il septal defect with chronic cva- 
s. These cases were accepted in the 


reports were 


ence of a history or observation of 
standing cvanosis and one or both 
bjective confirmatory signs: club- 
and polycythemia. ‘The pertinent 
logic findings in these 11 cases 
in Our case are presented in Table 


s shown that cyanosis was present 

birth in 2 cases and in the major- 

{ others it appeared in the second 
le of life. Cyanosis was described 

st cases as moderate, in some as 

Clubbing was present in all 


cases except one. Polycythemia was 
reported in 7 of the 8 cases in which 
blood counts were recorded. Eight 
patients died of heart failure, 3 from 
other causes. 

The heart was reported as enlarged 
in all but one case. In most cases severe 
hypertrophy was present, usually lim- 
ited to the right ventricle. The defects 
varied from moderate sized ones to an 
almost complete absence of the atrial 
septum. In 2 cases multiple defects 
were reported. There was no uni- 
formity in the location of the defects. 
Some were re ported as wide ly patent 
foramen ovale, others as_ persistent 
foramen primum. In cases with very 
large defects, identifying landmarks in 
the atrial septum were obliterated. In 
11 cases description of the pulmonary 
artery was available: it was reported as 
small in 1, normal sized 3, moder- 
ately dilated 2 and of aneurysmal 
proportions in 5. Complicating mitral 
stenosis, apparently rheumatic in origin, 
was recorded in 3 cases. In 1 of them 
the degree of mitral stenosis was prob- 
iblyv severe enough to have affected 
hemodynamics. in the other 2 it was 
mild. 

The sex incidence in this series was: 
males 8, females 4. The youngest 
patient was 16, the oldest 44 vears of 
age. 

Discussion. It is shown beyond any 
doubt that cyanosis not related to car- 
diac failure may occur in cases of atrial 
septal defect with or without compli- 
cating mitral stenosis. The degree of 
cyanosis and of the accompanying polv- 
cvthemia and clubbing, and the age of 
their onset, places some of these cases 
very definitely in the cyanotic group of 
congenital heart disease. They consti- 
tute only a small fraction of the total 
number: 7% of the reported cases exhib- 
ited definite chronic cyanosis. 

The fact that atrial septal defect may 
take the form of morbus caeruleus 
introduces a new problem in the differ- 
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itial diagnosis of congenital heart 
Our case illustrates the simi- 
rity between the Eisenmenger com- 
the form of atrial 
ptal defect. In both of these con- 


SCANS 


ex and cvanotic 
tions roentgenographic and _ electro- 
rdiographic findings are identical, 
| even physical findings bear a close 
emblance in that systolic murmurs 
ited in the apical area and the lower 
ft sternal border occur in both syn- 
mes, and early diastolic pulmonary 
Wmurs may be present in either case. 
degree, 
ypearing in late childhood, differential 
the 
nplex and the atrial septal defects 


th cvanosis. moderate in 


gnosis between Kisenmenger 
be impossible by ordinary means 
mav have to rest entirely upon the 


sult of venous catheterization of the 


In addition to the 


this problem calls for an answet 


diagnostic diffi- 


i fundamental question. which we 
ittempt to cyanosis 
ciated with atrial septal defect due 
the congenital defect itself, or to 
wlicating and secondary factors? 

Since VanSlvke’s"* 
Abbott's! application of 
heart 


discuss: Is 


Lundgaard and 


Hes and 


principles to congenital 


venous arterial blood shunt was’ 


ded as the main cause of chronic 


nm congenital morbus caeru- 


OSIS 
In the 
has been suggested in some cases 
ngenital heart disease: Burwell’ 
then Taussig and Blalock** thought 
in the complex 
iplete oxvgenation of the blood in 


recent vears another mecha- 


Eisenmenger 


ngs mav be responsible for arter 


noxemia. Brannon, Weens and 
en and Massee'® thought that 
uctive pulmonary disease and 
in oxvgen diffusion in’ the 

were responsible for arterial 


nia in their case of atrial septal 
associated with cyanosis. This 
based on the fact that in it the 
ventricular and pulmonary arterial 


(CYANOSIS IN 


ATRIAL SEPTAL DEFEC' 
pressures were very high and arterial 
oxygen saturation rose in response to 
breathing of pure oxygen. In another 
case of atrial septal detect (not autop- 
sied) Handelsman et al.'* found low- 
arterial oxygen saturation and 
high pulmonary arterial pressure, but 
interpreted their findings as indicative 
of a predominant right-to-left intra- 
cardiac shunt due to increased resist- 


ered 


ance of the pulmonary vascular tree. 
Taylor et al.*° studied a group of 
patients with atrial septal detects 
clinically with the aid of venous cath- 
the heart found 
occasional subnormal values of arterial 
oxvgen These authors 
explain it on a basis of venous-arterial 
blood shunt, which, think, may 
occur in a very large defect, where the 


eterization of and 
saturation. 
they 
2 auricles form a common chamber. 


Thus. 


in which 


3 wavs have been suggested 
arterial saturation 
lowered in atrial 
septal defect. Two of them necessi- 
tate the a complicating 
factor: pulmonary vascular sclerosis or 
pulmonary hypertension; the third one 
calls tor the presence of a very large 
defect. 

Reviewing the pathologic findings in 
of atrial septal defects with 
cvanosis (Table 1) and the physiologic 
data accumulated in the last few vears 


oxvgen 
could be cases of 


presence ot 


Cases 


bv catheter studies. one can confidently 
dismiss the possibility that pulmonary 
oxvgen exchange is interfered with in 
vascular 
sclerosis was not a consistent finding in 


all such cases. Pulmonarv 
cvanotic cases. In our case it was spe- 
cifically searched for and found not to 
be present. In addition, no proof has 
been offered that pulmonary vascular 
changes per se, without changes in the 
lungs. impede oxygen exchange. The 
conclusive evidence has been provided 
by successful determinations of the 
oxygen saturation of pulmonary venous 
blood which was found to be normal: 
Handelsman et al. reported that in 16 


522 SELZER, LEWIS: 
cases the pulmonary vein was catheter- 
ized and the blood was fully saturated 
with oxygen. Details were not given 
and it is not known whether some of 
these cases were cyanotic. More signif-+ 
icant are cases reported by Dexter 
et al." and Taylor et al.*°, each of 
whom reported 1 case in which arterial 
anoxemia was present but the blood 
returning from the lungs was fully sat- 
urated with oxygen. Until and unless 
conclusive evidence is presented tha 
pulmonary venous blood may be anox- 
emic, pulmonary factors in the produc- 
tion of cyanosis in atrial septal defects 
can be dismissed and intracardiac shunt 
can be taken to be the sole cause of 
anoxemia. 

The second possibility, that pressure 
relationships cause a predominantly 
right-to-left interauricular shunt, does 
not fit in with the clinical facts and 
the postmortem findings. Handelsman 
et al.'* based their views on a clinically 
studied case in which the calculated 
svstemic flow was 4 times larger than 
the pulmonarv blood flow. If these eal- 
culations were correct, this case would 
most likely be an exception rather than 
an average case, as the intense pulmon- 
ary congestion usually noted during 
life. the postmortem findings of a large 
right auricle. the small left auricle. the 
dilatation of the right ventricle and 
pulmonary artery, the small aorta are 
all incompatible with a large systemic 
and small pulmonarv blood flow. Also 
similar calculations by other authors!!:25 
have shown the svstemic flow to be 
smaller than the pulmonarv flow even 
in the presence of arterial anoxemia. 

Clinical and pathologic findings in 
cases of atrial septal defect with chronic 
evanosis show the same indirect evi- 
dence of a large venous-arterial blood 
shnnt as in cases without evanosis. Such 
findings speak strongly against the pos- 
sibility that pulmonary arterial sclerosis 
or other factors lead to a permanent 
overall right-to-left shunt in cyanotic 
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cases. In cases of atrial septal defect 
the pressure in the left auricle is highe: 
than in the right!®. It is not know: 
whether this relationship is reversed it 
the presence of high right ventricula 
pressure unless right ventricular fail 
ure with diastolic hypertension ensues 
It should be noted that in the Lutem 
bacher syndrome, the addition of mitra 
stenosis would accentuate the left-to 
right shunt, and yet chronic cyanosis 
mav occur in such cases as well as it 
uncomplicated atrial septal defects. Al 
these arguments make a change it 
pressure relationship between the aur 
icles and a resulting permanent overal 
right-to-left shunt verv unlikely. 

The possibility of free mixture o! 
venous and arterial blood in cass 
where both auricles would form a sit 
gle functional chamber seems to offe1 
the best explanation for cvanosis ass 
large atrial 
defects. In such a case venous bloo 


ciated with very septa 
from the svstemic circulation and full 
oxygenated pulmonary venous blood 
could mix freely and the oxvgen satur 
ation of this mixture would lie betwee: 
the values of the arterial and tl! 

venous blood. This mixed blood would 
then flow into both ventricles and 
gravitv?® or higher pressure on the left 
side could force more of it into the 
right heart than the left. 
unequal outputs of the 2 ventricles 
The free mixing of blood in a single 
auricle could, but need not, take place 
in every case since most of the blood 


causing 


could follow the normal direction even 
with an absent septum, and mixing 
could be minimal. 

Free mixing of blood in cases of a 
complete or almost complete absence 
of the atrial septum offers an explat 
tion of cyanosis consistent with cardi 
odynamics on one hand and with th 
pathologic relationship of the ventricles 
and great vessels as found in thes 
cases on the other hand. A disturbing 
fact, however, is that in this series 
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there is no uniformity in the presence 
{ very large septal defects: only one 
ise was actually reported as a “triloc- 
lar heart’**® with a single auricle, and 
f the remainder, our case and 3 others 
wild be regarded as very large defects. 
(he rest should be classified as moder- 
ite sized defects, single or multiple. 
One is impressed by the fact that the 
oss pathologic findings in the 12 
inotic cases, especially the size and 
ation of the defects, present a good 
ross section of the 180 cases of atrial 
eptal defect. 
\nother possible mechanism of cyan- 
s has occurred to us, namely a direc- 
nal flow of venous blood into the left 
ricle. If proper anatomic conditions 
sted, namely a certain relationship of 
of the venae cavae to the septal 
fect, one could visualize a stream of 
od thrown directly into the left 
icle during the part of the cvcle 
n pressure differences between 
ricles are smallest. This need not 
rfere with the large left-to-right 
nt during the remainder of the 
rdiac evcle. The occurrence of such 
inlining of blood in the fetal circu- 
nm has recently been reaffirmed?: in 
fetus such a mechanism causes the 
rse, namely oxygenated blood from 
placenta arriving through the 
rior vena cava is shunted directly 
the greater circulation. 
possibility of a streamline blood 
t in atrial septal defect is specula- 
t but attractive, as it would best 
in apparent inconsistency between 
resence of venous blood in the 
r circulation and a large left-to- 
interauricular blood shunt in cases 
free mixture would not appear 
because of the modest size of 
nening. Since such a mechanism 
be caused by an anatomic 
e it would explain the occurrence 
inosis in some cases and its ab- 
st in others, and the lack of corre- 
between the presence of chronic 


cyanosis and the gross anatomic 
findings. 

Since cyanosis, clubbing and polycy- 
themia are clinical manifestations of 
higher degrees of arterial anoxemia 
one might ask whether arterial anox- 
emia insufficient to cause visible cyano- 
sis is a common or constant feature of 
atrial septal defect. The answer is pro- 
vided in the reports of arterial oxygen 
saturation values in cases diagnosed by 
venous catheterization of the heart. 
Such readings are reported in 17 
cases®:!1.14.25: jn 5, normal values were 
found (saturation of 95% or more); in 
9, minimal 
(values between 88% and 95% ), and 
3 patients had definitely anoxemic 
values: 79%, 70%, and 67% respec- 
tively. These findings indicate that 
small quantities of venous blood fre- 
quently enter the left auricle, and in a 
small proportion of cases large quan- 
tities find their way into the greater 
circulation. 

Summary and Conclusions. 1. A case 
is presented of a large atrial septal 
defect in a 35 vear old man who 
showed the triad of chronic Cy anosis 
polyeythemia clubbing of the 
digits, and who died of rupture of an 
aneurysm of the pulmonary artery 
without ever exhibiting evidence of 
cardiac failure. 

2. A review of 180 proven cases of 
atrial septal defects with or without 
concomitant mitral stenosis reported in 
the literature showed that in 11 patients 
persistent and longstanding cyanosis 
not associated with cardiac failure was 
present. 


anoxemia was _ present 


9 


3. Pathologic findings in these cases 
did not differ from those in other, non- 
cvanotic cases. Large defects involving 
most of the atrial septum were com- 
mon among cyanotic cases but there 
was no apparent relationship between 
the size of the defect and the presence 
of cyanosis. 

4. The pathogenesis of cyanosis 
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associated with atrial septal defects is 
discussed. Deficient pulmonary oxygen- 
ation is not regarded as a likely factor 
in the production of cyanosis, nor is a 
changed pressure relationship in the 
auricles leading to a persistent venous 
irterial blood shunt. With the clinical 
ind pathologic evidence pointing to a 


REFEI 


|. Abbott, M. E.: 

Barclay, A. E., Franklin, K. and Price 
diovascular system and_ the 
1945 

Bard and Curtillet: Rev. de Med., 9, 9! 
1. Bedford, D. E., Papp, C., and Parkinson, 
5. Brannon, E. S., Weens, H. § 
6. Burrett, J. B., and White, P. D.: Ibid, 206 


ch inges thev ou 


thomas 


Burwell, C. S.: Trans 
S. Cabot, R. C.: Facts on the Heart. Phila 
). Costa, A.: Cuore and Circulazione, 15, 


10. Cournand, A., Motley, H. L 


|. Physiol., 150, 267, 1947 
ll. Dexter, L., Haynes, F. W., Burwell, C. 
Evans, J. M.: J. Clin. Invest., 26, 561, 1947 


12. Dry, T. J.: Med 
13. Gates, E. M.., 
1947 
14. Handelsman, J. C 
Hop. Hosp., §2, 615, 1948 
15. Johnson, G.: Brit. Med. J., 1, 333 
16. Lundsgaard, C., 
17. McGinn, S., and White, P. D.: Am. He: 
18. Massee, J. C.: Am. J]. Med. Sci., 214, 2 
19. Okkels, H., and Therkelsen, F.: Acta Path 
20. Roesler, H.: Arch. Int. Med., 54, 339, 1! 
91. Rosenblum, H.: Medico-Surg. Tributes 
1942 
22. Sundberg, ¢ 
23. Taussig, H. B.: 
1947. 
24. Taussig, H. B., and Blalock, A.: Am. H 
25. Taylor, B. E., Geraci, J. E., Pollack, A. 
Staff Meet. Mavo Clin., 23, 500, 1948. 


Clin. No Am.. S95 
Rogers, H. M., and Edwa 


Bing, R. J., 


1878 


Nord. Medic Ark., 38 pt 
Congenital Malformatior 


CYANOSIS IN 


Ne lson S | I eal Me dic New York 4 207 


Himmelstein, A.. 


A\PRIAL SEPTAL DEFECT 

large volume of blood being shunte: 
from the left to the right auricle, th 
most likely cause of cyanosis appears t 
be a free mixing of blood in very larg 
septal defects and, or, anatomic cot 
ditions permitting a stream of venot 
blood from the great veins to enter th 


left auricle directly 
1932 


The Foetal cireulation 
Spring hi ld. Ol... Charles 


hard, M. M. I 


ndergo it’ birt! 


83. 1LSS9 


J.: Brit. Heart J., 3, 3 194] 


, and Warren, J. H.: A J. Med. Sci., 210, 480, 194 


355, 1945 


ind Stud. Coll. Phys. Phila., 10, 82. 1942 


lelphia W. B. Saunders, 1926 

96S 193] 

Dresdale, D.. and Baldwin, J., A 
S., Eppinger, E. (¢ Sosman, M. C 
July L948 


rds J. E.: Proc. Staff Meet. Mavo Clin., 22 


Campbell, J. A., and Griswold, H. E.: Bull. Jo 


and VanSlyke, D. D.: Medicine, 2, 1, 1923 


wt 1.. 1938 
48, 1947 
ind Microbiol. Scand., 9, 214, 193 
34 
to Harold Brunn p. 433. Univ. of ¢ 
2 10. 1905 
is of the Heart, New York. Commonw 
eart J., 33,-4138, 
A.. Burchell, H. 


1947 
B., and Wood, E. H:: | 


26. Uhley, M. H.: Am. Heart J., 24, 315, 1942. 


27. Wahl, H. R., and Gard, R. I.: Surg. Gyn 


28. Welch, K. J., and Kinney, T. D.: Am. J. 


29. Zadoc-Kahn, L., and Cousin, M. J.: Bull 


ind Obst 52, 1129, 1931 
Path., 24, 729, 1948 


et Mem. Soe Hop de Paris, 49, 1446, 1%2¢ 


[= 


nd 


A STUDY OF 22 CASES OF CARRION’S DISEASE WITH 
INTERCURRENT MALARIA® 


By E. 
INSTRUCTOR 
CHICAGO 


IN the last century before the etio 
ric agents of malaria and Carrion’s 


isease were known, many interesting 


sociations were noted between the 2 
seases. In 1887 Tupper’? found that 


Verruga Peruviana was present in an 


ea where malaria was also endemic 
unfortunately many persons con 
icted both diseases. Carrion® noted 
it the geographical distribution was 
nilar but pointed out that malaria 
| Verruga Peruviana occur inde- 
ndently of each other but can co- 
st in the same person. Dounon* con 
ded that the 2 diseases had a similar 
thogenesis and QOdriozola'' found 
{ similar conditions were necessary 
the life of the etiologic agents in 
ese diseases. Garcia-Merino* corre- 
d the presence of flood waters with 
onset of epidemics of Carrion’s 
ise. Today it is known that both 
ises are transmitted by mosquitoes: 
iria by Anopheles and Carrion’s 
ise by the phlebotomus*. 
Phe present report is a study of the 
tionship between Carrion’s disease 
malaria, as observed in a group 
> cases found to have both diseases. 
lalaria parasites were found in 
irs of the peripheral blood in all 
i 22 cases of this series. The tvpe 
lasmodia were: P. vivax in 18, P. 
vaarum in 2, and P. malariae in 2 
In 3 patients the malaria para- 
were demonstrated in the peri- 
il blood following Bartonella bacil- 
is anemia, hereafter, B.b.a. (Oro- 
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va Fever), in another 3 during the pre 
eruptive stage, and in 16 during the 
eruptive stage of the bartonellosis with 
verrugae in the skin. 

Malaria and Carrion’s disease mav be 
contracted at the same time or one 
may precede the other. Patients with 
severe B.b.a. which were followed by 
malaria showed clinical features which 
were atypical for both diseases. The 
fever was irregular and without the 
characteristic periodicity of malaria, 
there was profuse sweating, enlarge- 
ment of the spleen, and frequently a 
macrocytic or normocvtic  normo- 
chromic anemia with monocvtosis vary- 
ing from 8 to 20%. These symptoms and 
signs do not occur in uncomplicated 
cases of B.b.a. 

When malaria was contracted dur- 
ing the eruptive phase of the verrugae. 
the malarial seizures were usually typi 
cal and easily recognizable with chills. 
high fever and sweating occurring 
periodically every day. or every second 
or third day. The morphological aspect 
of the verrugae changed rather sud 
denly, they lost their turgescent appear- 
ince and disappeared rapidly. Other 
verrugae assumed a dark violaceous 
color from thrombosis or hemorrhage. 
The pains in the bones and joints which 
were usually present during the pre- 
eruptive stage and disappeared with 
the eruption of verrugae again reap- 
peared. The hematological findings in 
cases with malaria during the eruptive 
stage of Carrion’s disease were quite 


is study was made in Lima, Peru, from 1938-1943 at five different hospitals: Dos de 
Arzobispo Loaiza, San Bartolome, Del Nino, and Maternidad. 


ww at the Frank Billings Clinic, Department of Medicine, University of Chicago. 
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typical of maioria without any features 
of B.b.a. In this series of 22 cases with 
both diseases, monocytosis was found 
in every one and splenomegaly in 20 
cases (91%). 

Report of Cases. The following 2 
cases illustrate malarial seizures during 
the eruptive stage of Carrion’s disease. 


Case l. E. R., a 28 vear old, single, Per- 
uvian soldier, had malaria for many years 
with the last seizure in 1935. In February 
of 1941 he was sent to an area where Car 
rion’s disease is endemic. In the 3rd week 
f February he developed malaise with a 
fever fluctuating between 38° and 39° C 
inemia and slight icterus of the skin and 
sclera, dizziness, cramps in the epigastrium, 
nausea and occasional vomiting. In the first 
week of March the fever gradually disap- 
pe red, his appetite improved and for the 
first time he experienced pain in the various 
bones and joints. This episode apparently 
orresponded to a B.b.a. On March 19th 
the patient experienced a chill followed by a 
fever lasting a few hours, profuse sweating 
ind vomiting. This symptomatology recurred 
twice every other dav at the same hour of 
the day and disappeared after intensive anti- 
nalarial treatment with quinine. Red pointed 
cutaneous nodules then appeared and the 
pains in the bones and joints of the feet 
became so intense that hospitalization became 
necessary on May 30th, 1941. The patient 
ippeared as a well-developed but emaciated 
man with slight anemia, a soft non-transmit- 
ted systolic murmur at th ipex of the heart 
ind an enlarged hard spleen extending to 
the level of the umbilicus. Many red nodules 
in regression were present, especially on the 
lateral surfaces of the legs. The urine exami 
nation was negative and no parasites could 
he found in the stools. The ervthrocvtes were 
3.3 million per c. mm., 7700 leukocytes (48% 
granulocytes, 10% monocytes, 42% lympho- 
vtes No malaria parasites were found 
Analgesics were given and_ the patient 
remained afebrile during the first week of 
hospitalization. On June Ist he was seized by 
chill followed by fever and profuse sweat 
ing: this recurred on the 6th of June and 
mn that day P. vivax was demonstrated After 
ntimalarial treatment, the patient remained 
ifebrile until his discharge on the 30th of 
June. The red cell count increased to 3.8 
million per c. mm. and the size of the spleen 
was unchanged. 

Case 2. B. C., a 34 vear old, single, male 
had experienced several episodes of malaria 


in the preceding 7 years. In April 1941 he 
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remained tor 2 months in an area where 


both Carrion’s disease and malaria ar 
endemic. On the 20th of June he deve lope 
chills followed by fever, which recurred the 
following morning at the same hour Despit 
juinine medication the fever continued 
inemia and slight icterus developed and th 
pain in the bones became juite intense. HH 
also had migratory pains in the joints of the 
left wrist, elbows and feet and when the | 
were located in the maxilla they were s | 
severe as to make it impossible for him t 
masticate food. Pain was also ‘annncmggives th 
left upper quadrant of the abdomen and | t 
was told that he had a “big spleen’ In tl | 
first week of August, edema of the lowe 
extremities was noticed. On admission o 
August = 20t! 1941 he ippeared we 
developed, unde rnourished with marke 


inemia and pallor of the skin, and a heart 
normal in size with soft and non propagate 
hemic murmurs. The spleen reached the lev: 
of the umbilicus in the left mid-clavicul 
line A few small lymph nodes, the size of 
pea, were noted in the neck, axilla, epitroc! 


lear and inguinal regions. Urine examinati 


was normal. The ervthrocvte count was 3.5 
million per mm.: 8000 leukocytes (5 
granulocytes, 1% cosinophils, 18% monocyt 
ind 25% lymphocytes The fever continue 
to fluctuate between 37 ind 38 ( t 


nearly a month ind then subsided The pan 
in the bones and_ the joints persisted b 
finally disapp ired altogether on the 221 
of October. A few pinpoint verrugae bec 
visible and rapidly increased in_ siz 
inemia improved markedly, the pains f 
wav and the patient was discharged on t 
15th of November 1941, in very good gener 
condition. Approximately on week after 

discharge the chills and fever recurred, | 
pains in the bones and joints re appeared 

1 marked involution and disappearance 

many of the verrugae was noted. P. vit 
was found in the smears of the perinhe 
blood. Quinine was again given with di: 
pearance of the malarial manifestations. 1 
spleen decreased only slightly in size 


It is possible that this patient « 
tracted malaria and Carrion’s diss 
at the same time. The verrugae reg 
sed rapidly after a recurrence of viva 
malaria 

CasE 3. V. ( a 17 vear old Indian f 
worker who had lived all of his life in 
high mountains of Pe Tu in December 
1939 visited an area where Carrion’s dis¢ 


is endemic. Two months later he was 
denly seized with a chill which was follo 
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tever. The chills did not recur but the 
ver Was continuous for nearly one month. 
1° patient became pale and anemic with 
xtreme malaise, dyspnea on effort and anor- 
Xla; Quinine was given without any lmprove- 
rent. He then moved to an area where Car- 


ion’s disease does not exist but where malaria 


en le THhi¢ and here he promptly recovered 
In August, 1940, he noticed several red 
nts in the skin which grew to the size of a 
ea, representing the eruptive stage of Car 
ns disease. In the 2nd week of August 
lls occurred every day at noon, followed 
h fever which lasted only a few hours 
use sweating, anemia, cough and muco- 
rulent expectoration. The patient came to 
Dos de Mayo hospital in Lima on Sep 
ber 2nd. He appeared to be a well 
eloped, well-nourished pale young man 
tl profuse sweating and murmurs noted 
e€ apex of the heart and with an enlarged 
en reaching almost to the umbilicus. Ver 
f pinpoint to pea size were distributed 
tlarly over the skin, but mainly on the 


] 


| surfaces of the legs, most of them in 


+ 


mn There were also several round 
erpigmented areas, 1 cm. in size, corre- 
to the locations of previously im- 
errugae. The urine examination was 


rmal. Blo6d counts: 2 million erythrocytes 

m., 8300 leukocytes, 12.6 gm. hemo- 
bin, and 28.35 hematocrit. The differential 
nt showed 35% granulocytes (metamyelo- 


2%. stab cells 11% and segmented cells 

3% basophils, 4% monocytes and 58% 

hoeytes. P. vivax was demonstrated in 

blood smears. Under quinine treatment 

spleen decreased markedly in size and 

September 21st when the patient was dis- 
rged, it could no longer be palpated 


This case illustrates intense 
mia, resistant to quinine treatment, 
rresponding B.b.a. contracted 2 
nths earlier while in an area where 
rrion’s disease is endemic. Later dur- 
the eruptive stage of the disease 
patient had a vivax malaria. 
s—E 4. V. Ch., a 20 vear old, single, 
miner, came from an area where 
n’s disease and malaria are both 
\ic. In the second week of March, 1938 
veloped malaise, loss of appetite, vom- 
ind a productive couch, with muco- 
ent sputum. He entered the hospital on 
rst of April. Blood counts: (April 3rd) 
illion erythrocytes and 6900 white cells 
mm. (granulocytes 43%, eosinophils 4%, 
ytes 12% and lymphocytes 41%); there 


WITH INTERCURRENT MALARIA 


were 2 normoblasts per 100 leukocytes. Six 
weeks later the pitient left the hospital 
markedly improved. In the 2nd week of May 
he noticed pains in the bones of the extremi- 
ties especially in the right shoulder. Pin point 
verrugae in the skin was noticed the first 
week of June. The patient came to the hos- 
pital on the 4th of August to have a verruga 
of the left lower lid removed surgically 
Besides these verrugae, the only abnormal 
finding was an enlarged spleen reaching 2 
fingerbreadths below the left costal margin 
The blood counts on admission were as fol- 
lows: erythrocytes 5.82 million per c. mm., 
leukocytes 9000. On the 11th of August the 
patient developed suddent_ chills. Blood 
counts: 3.89 million erythrocytes per c. mm.. 
5900 leukocytes (65% granulocytes [14% stab 
cells and 51% segmented forms], 4% eosino- 
phils, 1% basophils, 12% monocytes and 18% 
lymphocytes). Several ring forms of P 
falciparum were found. The fever and other 
symptoms disappeared with antimalarial 
treatment and most of the verrugae regressed 
quite rapidly 


Carrion’s disease and a falciparum 
malaria were apparently contracted at 
the same time by this patient. Because 
of his splenomegaly, profuse sweating 
and monocytosis, he was given quinine 
with remission of his fever and anemia. 
The diagnosis of malaria complicating 
Carrion’s disease was later confirmed. 


Case 5. O. B., a 21 vear old Peruvian, 
spent 4 days in the last week of April, 1941 
in an area where Carrion’s disease is endemic 
and then went to work in a place where 
malaria is endemic. On June 7th, 1941, he 
noticed malaise and profuse sweating followed 
by a high and continuous fever. The patient 
became anemic and was bedridden in the 
second week of June, continuing with the 
high fever despite the intensive antimalarial 
treatment. He developed headaches and on 
several occasions epistaxis and bilious vomit- 
ing along with anorexia, marked polydypsia, 
sweating with cramps occurring in both feet. 
Later he became delirious, describing imagi- 
nary animals and numerous lights of different 
colors. The urine became very dark. There 
were also severe pains in the muscles of the 
extremities. He was hospitalized in Lima for 
further treatment on June 2nd, 1941, and 
appeared pale, undernourished, acutely ill 
with enlargement of the spleen 2 finger- 
breadths below the costal margin. Lymph 
nodes the size of a pea, semi-hard and non- 
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tender, were palpated in the cervical, axillary, a marked clinical improvement, the tempera 
epitrochlear and inguino-crural regions. Th ture oscillated between 37° and 38° C., and 
pulse was 110, respirations 36 per minute, the ervthrocyte count rose. On July LOth he 
blood pressure 115/85. The erythrocyt again developed fever preceded by chills, the 
count was 1.13 million per c. mm., hemo- — erythrocyte count dropped from 2.11 to 1.7 
globin 6 gm., white count 8920. reticulocvtes million on July 12th, when a few ring forms 
10.2%, and hematocrit 11.55. A few barton of P. vivax were found in the blood. After 
ellae were noted in the smears of the peri intensive antimalarial treatment with quinine 
pheral blood. In the next few days there was ind atebrine the patient recov red 
d 28 A 7 
| 
= 
= 
S \ 
MON 
& = 
5 | RECURRENCE OF MALARIA 
= Sol 
Fi ] Patient with erupted verrugae and anemia. The treatment of an intercurrent 


malaria was followed by decrease in the number of monocytes and a rise in the ervthrocevt 
count 


A 
= 


Fic. 2. Recovery phase of Bartonella bacilliformis anemia which was followed by 
malaria infection. The solid lines represent a marked severity of symptoms; the light li 
indicates a lesser degree of severity, and the empty blocks represent an absence of symptou 
The greater the distance between lines, the less marked are the symptoms. 
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lhis case illustrates an intercurrent 
malaria infection which occurred 
shortly after the B. bacilliformis had 


disappeared from the peripheral blood. 


Case 6 (Figs. 2 and 3). R. Ch., a 45 year 
le, Peruvian negro male, worked for 
; prior to admission, in an area where 


Cart disease is endemic. On June 28th, 
39 e had a chill followed by a fever of 
10.3° C. and general malaise. The chill did 


ur but the fever continued. On July 

) he was admitted to the hospital 
ysical examination revealed a_ pale, 
|-nourished and well-developed man with 
ht jaundice of the sclerae. A functional 
lic murmur was heard at the apex and 
iortic areas of the heart. The liver 
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developed a ravenous appetite. However, on 
the Ist of August he complained of headache, 
vomiting, profuse sweating, recurrent slight 
jaundice and some fever in the evening. On 
August 3rd, the erythrocytes numbered 2.07 
million per c. mm., leukocytes 9600 (58% 
granulocytes [3% metamyelocytes, 18% stab 
cells, 37% segmented forms], 1% basophils, 
18% monocytes, 23% lymphocytes). A few of 
the erythrocytes contained P. vivax. The 
patient was treated with 2.5 gm. of quinine 
daily given intramuscularly and by mouth, 
the « rythrocyte count decreased to 1.43 mil- 
lion per c. mm. There was a complete remis- 
sion of symptoms after this medication except 
for a slight elevation of temperature, on Aug- 
ust 14th, which was attributed to local inflam- 
mation of the gluteal muscles after injection 


MALARIA 


3. Bartonella bacilliformis anemia followed by an intercurrent vivax malaria producing 
a transitory fall in the erythrocyte count and hemoglobin. 


palpated 2 cm. below the costal margin 
right midclavicular line. The blood 
ire was 120/70, pulse 108 per minute, 
he respirations 17. The urine contained 
s of albumin and the Wassermann and 
tests were negative. 
patient continued to have a slight fever 
the 20th of July along with a progressive 
1 which on July 23rd recorded 1.28 
n red cells per c. mm. with B. bacilli- 
iis in the erythrocytes. The bartonellae 
disappeared, the temperature became 
il, the anemia improved and the patient 


] 


of quinine. The patient left the hospital on 
September 14th, 1939, with a count of 4.4 
million erythrocytes, hemoglobin 15 gm. %, 
hematocrit 41.42%. The monocytosis disap- 
peared after administration of quinine. Erup- 
tion of verrugae had not occurred. 
Discussion. Intercurrent malaria 
infection in Carrion’s disease is a fre- 
quent rather than a rare event as might 
be gathered from the few isolated 
reports?:*7.*.!2, In previous studies, the 
author reported such intercurrent infec- 


Ta 
= 
ter 
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tion in over one-fourth of the hospital- 
ized cases!*:!4, Several features of inter- 
current malaria, such as intermittent or 
remittent fever, profuse sweating, 
monocytosis and splenomegaly, were 
originally attributed to  Carrion’s 
disease itself. In this series of 22 cases 
proven to have both diseases, mono- 
cytosis was found in every one and 
splenomegaly in 20. Arce! had prev- 
iously emphasized that splenomegaly 
does not occur in uncomplicated cases 
of Carrion’s disease. 

The immunological course of Carri- 
on’ disease seemed little affected by 
the malaria and in several cases the 
bartonella disappeared from the red 
cells as the malaria organisms increased 
in number. This observation agrees 
with the findings of Noguchi!® who 
experimentally infected monkeys with 
B. bacilliformis and plasmodia and 
found that the development of malaria 
during convalescence bartonel- 
losis did not change the course of the 
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latter. Even the combination of splen 
ectomy and malarial inoculation did 
not significantly alter the course of the 
experimental bartonellosis. No fatality 
occurred in the present series of cases 
with both diseases. : 
Summary. A study is presented of 22 
cases of Carrion’s disease with inter- 
current malaria. In 3 of these patients 
who developed malaria following B 
bacilliformis anemia (Oroya Fever): it 
was Observed that the clinical features 
were atypical for both diseases. Three 
cases had malaria in the preeruptive 
stage and 16 during the eruption of 
verrugae. The malaria seizures in this 
last group were typical and_ easily 
the 


regressed and disappeared. Monocy- 


recognizable, verrugae rapidly 
tosis was found in every case of this 
series and splenomegaly in 20 (91%) 
The immunological course of Carrion’s 
disease was little affected by the inter- 


current malaria 
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GYNECOMASTIA is a phenomenon seen 
association with many diverse and 
pparently unrelated diseases. It has 
nerally been ascribed to a derange- 
ient of endocrine function involving 
ne or several glands. The study of 
trogen metabolism in association 
th breast enlargement has been the 
bject of a number of papers, but 
ere is still some controversy as to 
quantitative relationship. In addi- 
m, the correlation of liver disease 
d feminizing changes has attracted 
uch interest in recent years, although 
was first noted by Corda? in 1925. 
In the present paper we shall empha- 
several of the unusual features of 
s entire subject. We have studied a 
e of unilateral gynecomastia with 
ition to endocrine _ titers, liver 
iction studies, liver biopsies, effects 
i.dministered estrogens, and relation 
improvement in liver function to 
nizing features, and will attempt 
orrelate all these findings in the 
wing discussion so that they may 
e as a basis for a clearer under- 
ding of the problem and as a 
ns for quantitative studies in other 
ents. The relation of estrogen 
tabolism and liver disease to gyne- 
istia has been repeatedly empha- 
| because the liver is the principal 


organ responsible fol estrogen inacti 
vation and conjugation. 


Methods. The determination of the various 
endocrine titers was performed by a combi- 
nation of several previously described methods 
as modified by Dr. G. R. Kingsley of our bio- 
chemical laboratories. The extraction and 
purification of the urinary estrogen was car- 
ried out by the procedure outlined by 
Salter26, The colorimetric determination of 
the purified estrogen was carried out accord- 
ing to the procedure outlined by Cohen and 
Bates*®. The free estrogens were determined 
by extracting unhydrolyzed urine by the 
method of Salter. The determination of 
urinary pregnandiol was accomplished by our 
modification of the method of Goldzieher® 
The total 17 keto-steroids were determined 
by a modification of the methods suggested 
by Dreckter® and Pincus? 

‘Serial liver biopsy studies were made 
using the intercostal approach with a Vim- 
Silverman needle. Breast measurements were 
made with a flexible ruler using a central 
point stained with indelible dye to insure the 
same point of measurement each time. Testic- 
ular measurements were made with the same 
flexible ruler. 


Case Summary. History: A 30 year old 
Mexican male was admitted to the hospital on 
August 25th, 1948, with a history of a run 
ning nose, headache, a productive cough 
with thick yellow sputum, fever, and a dull 
aching in the left chest region for the pre 
ceding 3 weeks. For 10 days before entry, 
he had noted a dull aching pain in the right 
upper quadrant aggravated by ingestion of 
food, marked weakness, the appearance of a 
yellow tint to the skin, golden-colored urine, 
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id ht-colored stools. He had had consid 
ble nausea with occasional vomiting for 
ral days before entry 

Lie ive a past history of 


juarts of wine dailv for 14 vears. Du 


s time his diet had been very ina 
t ind he had. not eaten at all on the days 
which he was drinking heavily. A dietary 
revealed a deficien n total calories 
t ns ind a low protein intake See 
[he patient stated that 
ul enl t left 
{ radual loss of | bic { 
VY hall radu | | I lib 
ty t nduct inter irs itistactoril 
\ ipt is had all ippeared t 
12 to 18 months and had been | 
l |! Examination: On entry, the patient 
1 temperature of 99.5 puls 16 
spirations 24. He was irkedly ict 
red chronically ill. The nas 
branes were markedly engorged, but t 
TABLE 1 DAILY 
I to H 
ein 7 
Carbohydrate 55 
Fat 
Calories 1430 
Vitamin A 1S00 TI 
hiamine 
Riboflavin 7 m 
\ rl Acid 32 
\ 
was relatively normal Decreased 
{ sounds, increased voice sounds ind 
crepitant rales were heard in the right 
lary region and in the right lung post 
rly at the base. The abdomen was some 
t distended and _ shifting dullness was 
nt The liver edge was palpabl | 
er-bre idths be low the rl ht costal margin 
The spleen was not palpable. The left testicl 
W markedly atrophic There was a marked 
diminution of the axillary, chest, and pubi 


hair. A diffuse hypertrophy of the left breast 
region was noted with no abnormality of the 
nip] les. The left breast measured 7 cm. in 
transverse diameter. Many spider ingiomata 
were seen over the neck, chest, and upper 
extremities 

Laboratory Data: Laboratory studies are 

mmarized in Table 2. The sedimentation 
rate was 25 mm. pet hour. Chest Roentgen- 
rays revealed a homogeneous density in the 
pex of the right lower lobe, which was inter 
preted as representing pneumonia. Follow-up 


week later revealed 
rea. Liver biopsy 
i l portal ( rrhosis 


es ot the liver 


vy Tres lution of 


with penicillin ther 


let nations were 
bh DS\ bre ist 
rements. ¢ 
n wecurat 
pider ang 
I | unmotvi 


ot 40.000 units 


r | week, follows 


ion of estt 
which time tl 
t SIZE of the 
{ in diamete 
noted live 
liver funect 


OOO 


low fat diet wit 
cluding 1 ounce 
DI tolysate dail 
B complex int 


TTESSIVE 


igns and liver func 


liver size which h 
finger-breadths bel 


margin shortly after ent 
d until no liver edge cor 
I of discharge. The elevat 
howed a rapid fall. The pati 
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FIG. 1. SERIAL LIVER BIOPSIES 


A. Before therapy on August 30, 1948. Marked fatty infiltration. The liver cells show 
arious stages of degeneration. Large quantities of -bile pigment are present in canaliculi 
Periportal fibrosis is seen with extension of the fibrous septa into the liver lobules. 

B. Following estrogen administration on Sept. 30, 1948. Decrease in the degree of fatty 
nfiltration. Fewer degenerating liver cells are seen and the intralobular organization int 
ords of cells and sinusoids more nearly approaches the normal. Bile pigment is less prominent 

C. After therapy on December 1, 1948. No fatty changes and the liver cells are norma 
in appearance. An increase in the periportal fibrous tissues with septal extension into the Jobul: 
and reduplication of bile ducts is apparent. The lobules are almost completely encircled by 
fibrous tissue. (Photographs by Wm. L. M. Martinsen, FBPA.) 
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strength, had an increased appetite 
wed a marked decrease in the number 
of angiomata together with a decrease in the 
size of the left breast (Table 3). Several 
eeks after the cessation of estrogen adminis- 
tration, the right breast became swollen and 
nder. This condition persisted for 2 weeks: 
rradually receded 
At the termination of 6 weeks of therapy 
liver biopsy showed marked improvement 


| the urinary estrogen excretion had 
irkedly decreased (Table 3), the liver func 
tests had improved considerably, and 
tient was. entirely asymptomatic \ 
rked increase in libido was noted 
TABLE 3. _ | 
GIOMATA 
Large 38 
Small 35 
BREAST 2 cm. Hor 
Right x 
2 cm. Vert 


6% om. Horiz 
Left x 
6% cm. Vert 
TESTIS 
Right 5 ecm. long 
Left 
atrophic 
ESTROGEN 


em. long 


Total®? 260 Gamma 
Free 918 Gamma 
Normal values 
3.0 mg./24 hrs 
3.5 mg./24 hrs 


PREGNANDIAL} 
KETOSTEROIDS§ 


Normal (male): 7 to 25 Gamma/24 hrs 
| Normal (male): less than 3 mg./24 hrs 
' Normal (male): 10 to 20 mg./24 hrs 


Discussion. Gynecomastia may be 
secondary to testicular atrophy*"*. 
testicular tumors®!*, tumors of the 
idrenal cortex?*, hyperthyroidism™, 
pituitary tumors*!, malnutrition’, vita- 
nin deficency disease'*, recovery from 
‘tarvation?®, and tumors of renal 
rigin'*. It may also be induced at 
irving times by the administration of 
strogens, androgens, and desoxycortic- 
sterone. 

The mechanism of breast enlarge- 
ient in association with malnutrition 
ias been attributed bv Klatskin ef 


al.° to either a failure of hepatic 
inactivation of estrogen or a depression 
of the pituitary gland from malnutrition 
with a secondary testicular atrophy and 
decreased androgen excretion. Their 
quantitative studies revealed a decrease 
in ketosteroids, but normal estrogen- 
androgen ratios with a normal follicle- 
stimulating hormone titer. In the 
therapy of gynecom istia secondary to 
malnutrition, no difference in effect 
was noted whether a regular, high 
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9/28/48 11/22/48 
21 13 
2 em. Horiz 5% cm. Horiz 
\ x 
2 cm. Vert 6 cm. Vert. 
9% cm. Horiz 5% em. Horiz 
x 
) com. Vert 3 cm. Vert. 
5 cm. long 6% cm. long 
2.5 cm. long 2.5 cm. long 


$5.5 Gamma 60 Gamma 


30 Gamma 


iD Gamma 


6.6 mg./24 hrs. 
6.3 mg 7, /24 hrs. 


protein, or high vitamin diet was 
employed. 

The association of gynecomastia and 
testicular atrophy has been known for 
some time and this has been attributed 
by some to the fact that the testes 
inhibit the growth of the breast in 
males. Testosterone therapy has been 
employed on this basis but with con- 
flicting results. Testicular atrophy may 
be secondary to liver disease according 
to Marrione*® who found atrophy in a 
high percentage of cirrhotics, or may be 
secondary to malnutrition2?. Klinefelter 
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FIG. 2 SERIAL BREAST PHOTOGRAPHS 
Anteri view of both breasts before the rapy, showing enlargement of left breast 
B Anterior view following estrogen administration, showing enlargement of both breas 
mpared to (A 
( Anterior view showing decrease in size of both breasts (after compl tion of therapy) 


). Lateral view of left breast before therapy showing marked enlargement 


Martinsen, 


eral view of left bre 


FBPA 


st after therapy showing decr 


in size 
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t have described a syndrome 
including gynecomastia with ‘atrophic 
testes showing hyalinization of the 
seminiferous tubules postulated 
that perhaps the inhibiting hormone of 
the testes on the breast was present in 
these tubules. Heller and Nelson!! have 
described testicular atrophy, azoosper- 
mia, and elevation of the gonadotropins 
frequently associated with enlargement 
of the breast and loss of hair. They 
described hyalinization of the semin- 
ig of the 
Levdig cells, and they felt that changes 
in the Levdig cells might be respons- 


iterous tubules and clumpil 


ible for the changes in masculine 
characteristics. 

Zondek*” has stated that the liver is 
concerned with 95% of estrone inactiva- 
tion and he has described a _ test of 


liver function based estrogen 
metabolism. The estrone clearance 
test is a measure of the ratio of estrone 
excreted compared to the normal 
following an intramuscular dose of 
estrone. He stated that the normal 
male excreted .5% to 4.5% of the injected 
estrogen within 48 hours. Patients with 
he patitis also excreted a normal per- 
unless they were in an 
dvanced state; that is, had lost the 
function of urea synthesis. Patients 


re 
ntage 


with cirrhosis had normal endogenous 
levels of estrone but excreted an exces- 
sive amount following administration. 
He thought that this test might be use- 
ful in determining the prognosis of a 
given case of liver disease—only in 
advanced cases with extensive destruc- 
tion did the liver fail to metabolize 
estrogens normally. 

Glass and associates‘, having also 
studied this problem, stated that an 
nereased excretion of estrogens had 
been noted in cases of gynecomastia 
issociated with testicular tumor, adren- 
il cortical tumor, or following the 
administration of estrogens. They 
thought that gynecomastia associated 
with malnutrition without liver disease 
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may represent a deficiency of the same 
dietary factor necessary tor liver inac- 
tivation of estrogens. Glass, Edmond- 
son, and Soll> studied the effect of 
administered estradiol estrone 
into men with cirrhosis of the liver 
and found that injected estrogens lose 
much of their activity in the presence 
of normal liver function. They stated 
that the evidence showed that males 
with advanced liver cirrhosis excrete 
urinary estrogens in the free form, 
and they felt that gynecomastia and 
testicular atrophy were the result of an 
excess of circulating tree uncon- 
jugated estrogen. Advanced cirrhosis 
results in the excretion of a large 
percentage of estrogen particularly in 
the free form but all their cases of 
cirrhosis had some increase in total 
excretion Stealy and 
Stimmel*® also pointed out that the 
conjugation ot 


estrogen 


estrogens given to 
patients with liver disease was mark- 
edly impaired. Other workers'’** have 
likewise shown that 90% of injected 
estradiol could not be recovered in 
the urine and postulated that the same 
mechanism of estrogen metabolism 
holds for both males and females. They 
showed that the interconversion of 
estradiol and estrone could take place, 
both resulting in estriol (the latter 
reaction was not reversible ). 

\s for the breast enlargement itself 
most reported cases have shown'* 
hyperplasia of ducts and in increase in 
periductal tissue—the ducts elongate, 
become tortuous, develop thickened 
lining (epithel) and show an infiltra- 
tion of macrophages in the periductile 
tissues. 

Interpretation of Results: A mumber 
of interesting observations can be 
made after an analvsis of this case. 
Improvement in the liver status was 
striking on a _ regular hospital diet 
before any supplementary therapy was 
begun, as evidenced by _ biopsy, 
decrease in size, and function tests. The 
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administration of estrogens was appa 
ently not toxic to the damaged liver 
since improvement occurred during 
and after the estrogen administration. 
In addition, the angiomata- count 
decreased while on estrogens; this also 
indicated liver improvement. 

4 correlation between the titer of 
free and total estrogens and the status 
of liver function was strikingly illus- 
trated in our study. The fall in estrogen 
excretion and particularly the decrease 
in the ratio of free to total estrogens 
paralleled the improvement in liver 
functions. This correlation was also 
demonstrated in that the total estrogen 
excretion was less after estrogen 
administrations than without estrogens 
because of the improvement in liver 
function during this period. 

The changes in breast size were also 
somewhat correlated with estrogen 
titers but lagged behind the rate of 
liver improvement. It is difficult to 
explain the unilateral gynecomastia 
except by assuming a different degree 
of sensitivity to circulating estrogens 
in the two breasts. In explaining the 
late enlargement of the right breast 
following estrogen administration we 
must again assume a difference in 
local factors in the two breasts. 
Klatskin has pointed out in 
gynecomastia secondary ‘to malnutri- 
tion the breast enlargement mav occur 
not during the period of malnutrition 
but rather during the recovery phase 
while on a therapeutic regimen. 

The increase in urinary keto-steroids, 
increase in libido, and increase in the 
size of the right testicle indicates a 
close correlation between liver function, 
adrenal function, and gonadal activity. 
Lloyd and Williams'® have pointed out 
that cirrhosis of the liver is frequently 
associated with a decrease in lipoid 
content of the adrenals and atrophy 
of the testes. They also emphasized 
that the 17-ketosteroid excretion of 
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male patients with cirrhosis is lowe 
than can be explained on the basis of 
absent gonadal steroids excretion 
alone — this suggests that adrenal 
hormone production is less than normal. 
This may be the result of high estrogen 
titers in the blood since this. is known 
to inhibit adrenal function. Lloyd and 
Williams have postulated that the 
decrease in the inactive oxidative 
products of estrogen, which occurs 
when a diseased liver is unable to inac 
tivate estrogens and form these oxida- 
tive products, leads to a decrease in 
formation of adrenotrophin from the 
pituitary. This in turn leads to 
decreased adrenal function with loss of 
axillary hair and a decrease in the 
urinary 17-ketosteroids. 

The decrease in the total number of 
spider angiomata during estrogen 
administration is in contradistinction to 
the findings of Bean! who was able to 
produce “spiders” by the administration 
of estrogen, and may have been due to 
the rapid improvement in liver 
function. 

Summary. 1. A review of the rela- 
tionship between cirrhosis, gynecomas- 
tia, and endocrine changes has been 
given. 

2. A detailed metabolic study of 
case of cirrhosis with unilateral 
gynecomastia and other feminizing 
features has been presented. A careful 
study of endocrine titers by a modifica- 
tion of previously described methods 
has been carried out. 

The correlation between the 
condition of the liver, the presence of 
breast changes, and the degree of 
estrogen inactivation and total excre 
tion has been demonstrated. 

4. striking response in liver 
function to an ordinary diet, together 
with a lack of toxic effect on the liver 
by the administration of estrogens, was 
noted. 
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LIVER FUNCTION IN DIABETES MELLITUS* 


By Harnotp Brown, M.D 
CLINICAL INSTRUCTOR IN MEDICINE, UNIVERSITY OF UTAH MEDICAL SCHOO! 
ASSISTANT CHIEF OF MEDICAL SERVICE, VETERANS HOSPITAI 
SALT LAKE CITY, UTAH 
Ky the Department of Medicine, University of Utah Coll of Medicine ind the 
Veterans Administration Hospital Salt I City 

Diaseres mellitus in man is still a in 37% of 241 patients. Moreover, they 
syndrome of unknown etiology. The observed the highest incidence of posi- 

jor laboratory indications of the tive tests in the more severe diabetics 
lisease, hyperglycemia and glycosuria, particularly those with a history of 

iv occur in a great variety of experi diabetic acidosis. Mever, in 1931‘, con- 
lent conditions and disease states cluded that hepatic dysfunction was a 
Hyperglycemia and glycosuria can frequent occurrence in diabetes melli 
cecur with thyrotoxicosis. Cushing’s tus, but the tests used are now recog- 
syndrome, liver disease, pituitary lesions nized as inferior, and many of his 
nd adrenocorticotrophic hormone ad patients had complicating biliary tract 
ninistration disease. Rabinowitch’, who examined 

In most instances the hy pe relvcemia 3000 cases from a diabetic clinic, found 
can be alleviated by the administration hyperbilirubin mia in 27.4% when 0.2 
of insulin. This would suggest that an mg. per 100 cc. of bilirubin in the 
insulin deficiency, either relative or blood was taken as the upper limit of 
absolute, is the common denominator: normal. Furthermore, he found that a 
but the diabetic state which ensues — similar percentage of patients had an 
ifter total pancreatectomy in man is elevated urine urobilinogen. His upper 
mild and readily controlled by 25 to 40 — limit of normal for bilirubin would now 
units of insulin per day'’. From an be recognized as low, but there is no 
experimental standpoint Soskin has ready explanation for the elevated 
data which point to the liver rather urine urobilinogen Possibly some. of 
than the pancreas as the major organ — these patients had hepatitis. for it is 
in carbohydrate metabolism. Soskin'® now realized that homologous serum 


found that the hepatectomized dog had 
i decreased glucose tolerance, whereas 
the pancreatectomized animal with a 
constant had a rela 


tively normal glucose tolerance 


insulin infusion 


There have been many attempts to 
a factor in the 
of clinical diabetes 


icriminate the liver ; 
etiolog 
of th 
impairment in various of the liver funce- 
tion tests. Gray et al 


loidal gold test. found a positive test 


iS 


\ and most 


studies have revealed some 


using the col- 


* Publ 
Surgery 
ynclusions drawn by the author 


540 ) 


or Ct 


hepatitis is not uncommon in clinics 
where frequent venipunctures are done 

It should be appreciated that even 
present day liver function tests are 
relatively crude and that minor devia- 
tions from the normal in any one test 
should not be interpreted as a mani 
festation of Also, little 
reliance should be placed upon certain 
non-specific tests such as the colloidal 
gold and cephalin flocculation, as these 
tests are difficult to run in a routine 


liver disease. 


ished with permission of the Chief Medical Director, De partment of Medicine and 
Veterans Administration, who issumes no responsibility for the opinions expressed 
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clinical laboratory, and slightly positive 
tests are even more difficult to interpret. 

In this S of the commonly 
wccepted liver function tests have been 


study 


carried out on a series of 25 diabetics 
1 whom there was clinically no other 
etiological factor for liver disease. In 15 
4 the patients the studies were made 
within 48 hours of 
the hospital in severe diabetic acidosis. 
ln cases a liver biopsy was done to 
detect 


their admission to 


inv changes in the histology of 


lhe tests emploved were the 


TABLE 1. 


TS WERE DONE 


retention at 45 minutes, 
sing the thymol tur- 
ridity the cephalin flocculation’, the 
in den Bergh 1 minute and 30 min- 
the 
the icterus index 


romsulfalein 
> mg. per Kg., 


tes*, the prothrombin content!!, 

rine urobilinogen", 
nd the serum proteins. It was not pos- 
ble in every patient to do all the tests 
entioned, but in every case sufficient 

tests were done to give a spectrum of 
er function. 

Results. Although this series is small, 

Table 1) indicate that 


results See 


RESULTS OF LIVER FUNCTION TESTS IN 25 
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little i 
liver function in diabetes as measured 


there is any derangement of 
bv the usual liver function tests. In the 
15 patients who entered the hospital in 
icidosis, in whom one might expect a 


ot 
by 


maximum carbohy- 
drate that token 
perhaps of liver function, the liver func- 


derangement 
metabolism, and 
tions were strikingly normal. In only | 
patient of the acidosis group was there 
any significant bromsultalein retention 
this only 


to limits 


and which is 


of 


Was 
the 


very 


close uppel normal 


DIABETICS 


PITAL IN SEVERE ACIDOSIS** 


Another case showed 15% retention. but 
this patient had some congestive fail- 
ure. In no case of the series was there 
a complete battery of tests indicating 
hepatic disease. 

In 3 of the patients whose livers were 
somewhat enlarged on physical exami- 
nation, the histological sections on 
punch biopsy were perfectly normal. 
Even special strains for glycogen and 
fat revealed no abnormality. 

It is appreciated that the function of 
the liver concerned with carbohydrate 


Previous 
Awe I alae KSI Se t » Prot Urane let 
f Dose Day retenta er T Alt slot Urobi Index 
Labete REG- -PZI at 45 mar ir a Tur 4 Ehrlich | 
4 
ty 
$ 47 
é 
4 
4 4. 4 4 
v f ‘ 
ty 4 4 
wk 
4. Vb $2 4 4 4 
y } . 
VE TES WITHIN 24 TO 48 HOURS OF ENTRY 1 THE HOS 
4 
4.4 
y “ 
vr M 2 4 4 
atient acidosis had a (> bining pow f le es % 


o42 BROWN: LIVER FUNCTION IN DIABETES MELLITUS 


metabolism may not be measured by 
any of the tests employed and that 
some new test may reveal an abnor- 
mality of liver function. The galactose 
tolerance test which is a good test of 
liver function, might be expected to be 
abnormal in the diabetic with his 
deranged carbohydrate metabolism, but 
the results were found to be no dif- 
ferent in a series of 10 normals and 
10 diabetics reported by Roe and 
Schwartzman’. 

his study furnishes no evidence that 
he patic disease is associated with dia- 


betes mellitus. This is in agreement 
with Wilder'* who found evidence ot 
hepatic disease in only 0.7% of 2584 
cases of diabetes mellitus, and only 
rarely did there seem to be any causal 
relation between the 2 diseases 

Summary. A battery of the usual 
liver function tests has been emploved 
in the study of a series of 25 diabetics 
in 15 of whom there had been a recent 
episode of acidosis. No evidence was 
obtained to indicate that impaired liver 
function is associated with clinical dia 
betes mellitus 
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\LrnoucH physical ther: apy has long 
been reg — d as one of the ther: apeu- 
f proven value in arthritis, 
no studies to determine 


tic agents o 
ve know of 
hanges in the temperature of the dis- 
ised joint following the use of these 

rious procedures. Knowledge of the 
best way to produce these changes is 
‘bviously of and consider- 
ble practical value. Lonergan*® found 

| F. rise in the temperature of a 
log joint on the application of long 

ive diathermy for a period of 1 hour. 
Continuous application of this agent 
esulting in the death of the animal 
trom shock produced a rise of 7° F. in 
he left joint. 
ported one experiment in which long 
ave diathermy was applied to the 
uman knee joint. A thermocouple was 

ced in the popliteal space with the 
e acutely After a 70 
inute treatment, a temperature rise 
slightly than 4° F. was 
served. Several other reports? have 
joint temperature of 
heating. One group of 
calculated 
and estimated relative 
rculation through the joint tissue. 
rvath Hollander! have deter- 
ned the temperatures of knee and 


immediate 


Lonergan also 


hip 


flexed on it. 


more 
vared on the 


estigators? has cooling 


rates of 


and 


° Aided by a grant to the 
intile Paralysis. 


University 


of Pennsylvania from the 


elbow joints in both normal subjects 
and patients suffering from joint dis- 
An excellent correlation between 
the joint temperature and the clinical 
activity in patients suffering from 
rheumatoid arthritis was observed. 


eases. 


Methods. The employed to 
modify the joint temperature will be given at 
appropriate places in the text. Only a single 
agent was employed on a patient at any 
one time. The skin and deep temperatures 
were measured by methods previously 
described!. The subjects were supine and the 
thermocouple was in place within the joint 
for at least 20 to 30 minutes prior to the 
control observations. In the majority of the 
tests environmental temperature was 24° + 2 
C.: in the remaining it was 18° C. 


procedures 


Results. Passive motion of the joint 
through its pain-free range is a common 
therapeutic procedure. The data _pre- 
sented in Table 1 were obtained prior 
to, and following, such movement in 
8 subjects. Although skin temperature 
over the joint was not influenced by 
this procedure. a mean elevation of 
0.8° F. occurred within the joint. How- 
ever, considerable variation in response 
was observed. In Subject 6, only the 
first few movements were accomplished 
without pain, and, since the range was 
definitely limited, it was impossible to 
move the joint to any great extent. The 


National Foundation for 
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ABLE | THE INFLUENCE OF PAS 
SIVE MOVEMENT? OF THE KNEE 
ON THE TEMPERATURE WITHIN THI 


JOINT 
Max 
Normal 90.6 0.5 
Nol i 55.6 
Arthritis 96.0 
1b.6 ().] 
Arthritis 1.4 
Arthritis 
Arthrit 
( 
Change 
PABLI EFFECT OF MICROWAV]I | 
OF THE KN 
Reiters Svn S6.0 
Reiters Syn R75 
LO. Ri Arthritis 1.9 
ll. Rh. Arthritis 84.5 
Kh. Arthritis S89 
14. Rh. Arthritis 93.7 
Rh Arthritis 94.0 
Al] ipplic itions were for l of 15 
ents 13 to 14 were given 35 watts 


] 
egree and_ intensity of movement 


probably modify the rise in tempera- 
ture. Active weight bearing movements 


2 normal sub 


wert also pertorm« d il 


ect 


s and a mean rise of 2.3° F. was 
observed. More information on_ this 
ispect will be presented when the 
imount of work performed 
patient's joint can be accurately evalu 
ited 

Heating of the joint and adjacent tis 
sues by the application of high fre- 
quency electrical energy was studied 
in a number of subjects. A micro wave 
generator (wave length 12:2 cm. 
employing a director 4 inches in diam- 
eter, placed at a distance of 2 inches 
from the joint was used. The duration 
of the heating period was exactly 15 


minutes. The data obtained in 5 
patients are presented in Table 2. In 


HORVATH 


the sixth subject the elbow was treated 


and the maximum elevation in this 


joint was 3.6 F. while the skin tem- 
perature rose L6” F. A significantly 
greater rise (t 1.58) in the joint than 
in the surface temperature was ob 
served. The mean difference between 
the 2 positions was 1.6° F. This varia 


tion was more apparent when highet 


enere?ey were being employed 


\ typical cooling curve following this 


type ot he it therapy IS shown Ith Figure 
The sharp tial dro ind succeed 
retard rate cooling Wiis 
bserved j patients 
Table » Lams the data obtained 
RGY 12 ON THE TEMPERATURI 
} JOINT 
J 
0) 5.7 
) >.) 9 
SS.] f 6. 
7 
4.8 2.4 2.5 
1.1] 
| 12 watt 
tollowing t ipplic ition ot conven 
tional short wave diathermy. The 
Inductive nethod with 3 turns of the 
coil around the joint was employed 


The heating period was 20 minutes 
elevation of the joint 
temperature was approximately to a 
level of 101° F. The initial joint tem 
perature appar¢ ntly exerted no influ 
ence upon this final value. Note espe 
cially the changes in Subject 15, a no 
mal individual. and in Subject 18, an 
individual suffering from degenerative 
joint disease The elevation of both 
joint and surface temperatures was 
approximate! equivalent, the meat 
surface temperature being some 0.6° F 
highér than the mean joint temperature 
In Figure ire shown typical coolin; 
curves obtained on a normal individua 


and on an individual suffering fron 


hy 
il 


TEMPERATURE OF NORMAI 


heumatoid arthritis. The differences 


etween the two cooling curves are 


nainly those 


relating to the duration 
ind rate of cooling of the joint follow- 
g therapy. The relative rates of cool- 
quite different in different 


entities. Calculations of K, the 


Were 


ooling constant, on 4 types of indi- rather large increases in surface tem- 
iduals are presented below. In the perature with minimal elevations of the 
ser 
968 
ee 
Knee Surface 
2 186.0 
5 35 55 75 95 WS 
| joint and surface te eratures in a patient with Reiter's disease before and 
pplication of wave ( v with { ch circular director and a power 
utpr ot t 
\BLE 3. ELEVATION OF TIII rEMPERATURE OF THE KNEE JOINTS AND 
SURFACES FOLLOWING VARIOUS THERAPEUTIC PROCEDURES 
M 1) Init I I Maximum Temperature 
Surta Joint Surface Joint 
Normal 85.2 90.8 9.6 10.2 
Arthritis Short Wave 84.7 86.0 12.9 9.8 
I Arthritis Diathermy 91.8 96.6 3.6 1.6 
1) en Joint Lise ise 90 minutes 92 8 96 4 5.4 4.8 
I ters Syndrome 93.3 6.7 5.7 
( t 96.0 3.7 
I Arthritis Infra Red Baker 91.0 92.8 8.2 1.7 
Degen. Joint Disease (30 minutes ) 92.1 90.6 5.9 1.4 
Arthritis Luminous Lamp 
20 minutes ) 94.5 7.3 5.7 1.0 
R Arthritis Paraffin Pack 96.1 97.0 6.6 0.8 
Arthritis minutes 89.9 5.2 15.6 3.1 


Paraffin temperature 148°F. 
Parafhin temperature 130°F 
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normal subject K was —1.14; in quies- 
cent rheumatoid arthritis, —0.90; active 
rheumatoid arthritis, —0.56; and for 
—{),:35. 

The application of an infra-red baker 
to the knee and surrounding areas for 


degenerative joint disease, 


a period of 20 minutes resulted in 


\ 
) 
{ 
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Fig 2 
02.0 = 
| 
970 } 
oO 
920 
oO 
--- Joint 
B Normal 
RA —O— Joint | 
—@— Surface | 
= 
= 0 20 3¢ 40 50 60 
MINUTES 
The joint and surface temperatures in a patient with quiescent rheumatoid arthritis 
normal subject before and after local he iting for 20 minutes emplor ing short wave 
diathermy (induction coil method 
e 
z 
80 
The joint temperature in a patient with rheumatoid arthritis before, during, an 


ifter application of paraffin 


n 
| 


TEMPERATURE OF NORMAL 


deep or joint temperature. The mean 
maximum change in joint temperature 
was 3.3 When an infra-red lamp 
was applied for a period of 20 minutes 
a small change, 1” F., occurred in the 
dee p temperature, whereas the surface 
temperature rose approximately 6° F. 
it the completion of the treatment. 

The effectiveness of the application 
of paraffin over a joint depends to a 
great extent upon the temperature at 
which the paraffin is being applied. In 
one experiment in which the tempera- 
ture of the paraffin was 130° F. a mean 


elevation of the joint temperature to 
shown the maintained response of the 
omit temperature to this therapeutic 
procedure. If, however, the paraffin 
vas too hot, namely at a temperature 
f 148° F., there was little elevation in 
ie joint temperature. The discrepancy 


was observed. In Figure 3 is 


+} 


etween these procedures probably lies 

the fact that the thickness of the 
ivers is definitely related to the tem- 
erature of the paraffin being applied. 
Several experiments were performed 
which individuals were subjected to 
vdroth rapeutic procedures Treat- 
ent in the Hubbard Tank with the 


iter temperature 101° F. resulted in 


increase in joint temperature of 
7 F. It should be noted that the 
ctal temperature during this period 


F. This 
tect was relatively transitory and dis- 
eared within 20 to 30 minutes. In 
iditional experiments _ it at- 
mpted to determine the influence of 
flex vaso-dilation on the joint tem- 


immersion had also risen 0.6 


Was 


rature in the extremitv being reflexly 


-dilated. The knee joint tempera- 

of the leg that was immersed up 
the knee failed to rise as a con- 
juence ot the treatment. This Was 


teresting, in view of the fact that con- 
tion heat was apparently of no 
it importance in raising the joint 
perature. The ankle joint on the 
itralateral limb had its temperature 


AND ARTHRITIC SUBJECTS DAG 
measured during the same interval and 
failed to exhibit any change during and 
following treatment. On the other hand 
it should be noted that 
definite reflex vaso-dilation 
denced by the rise in the toe tempera- 
ture of the contralateral side. The toe 
temperature was elevated 9° F. 
final temperature of 94.6° F. It is sig- 
nificant that reflex vaso-dilation of the 
skin vessels was not accompanied by 


the 


there was a 


as eVvi- 


to a 


a similar reflex vaso-dilation in 
deep vessels. 

Discussion. Classification of heating 
procedures by their effect on joint tem- 
perature is now possible. This method 
of determining temperatures may also 
prove to be a means of measuring the 
efficiency of circulation in the synovial 
membrane. The various procedures 
emploved to elevate the intra-articular 
temperature do so in a manner depend- 
ent their relative 
ability to penetrate to the deeper tis- 


apparently upon 
sues. This is most evident in comparison 
of the results of infra-red irradiation. 
where a mean rise in temperature of 
slightly over 3° F. was observed, with 
of 6° to 8° F. elevation of 
temperature following the application 
of conversive types of heating. It is 
also interesting to note that the dura- 
tion of the cooling curve appears to be 
primarily a reflection of the intensity of 
the elevation of the joint temperature. 

The significance of the various types 
of cooling curves observed in individ- 
vals suffering from joint disease is not 
at the moment apparent. It is interest- 
ing, however. that the cooling curve is 


values 


more prolonged in those individuals 
suffering from degenerative joint dis- 
probable exvlanation of this 
2 factors: 1, the 
excessive amount of fibrous tissue in the 
thickened synovial membrane and in- 
creased adipose tissue around the joint 
which interferes with ready loss of heat 
from the part; 2, definite changes in 
circulation within the diseased joint. It 


ease. 


observation lies in 


is extremely suggestive that the cooling 
curve of normal individuals is so much 
more rapid than that of those suffering 
from arthritic involvements. 

It has not yet been shown that raising 
the joint temperature, in treating vari- 
ous forms of arthritis, is necessarily 
beneficial. It is well known that in 
many cases of active arthritis those 
forms of physical therapy that raise the 
temperature most, namely short wave 
diathermy and micro wave, clinically 
appear to aggravate pain in the joints. 
On the other hand forms of therapy 
like infra-red which have minor effects 
on the joints and exert their primary 
effects on the surface appear to be of 
much greater value. It is apparent from 
these results that re-evaluation of the 
procedures of physical therapy chosen 
for treatment in arthritic disorders 
should be made with the reaction of 
the joint tissues in mind and should not 
be dependent purely upon surface 
changes. This is of greater interest since 
it has been shown! that the changes in 
joint circulation do not necessarily 
parallel those of the skin but frequently 
are even opposed, which indicates at 
least a reflex reciprocal flow of blood 
between the integument and deeper 


tissues. 
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Conclusions. It has been possible to 
evaluate the results of various methods 
of applying physical therapy by simul- 
taneous determination of internal joint 
temperature and surface temperature. 

Passive motion of a joint increased 
joint temperature to a slight degree. A 
more marked effect was observed fol- 
lowing active weight bearing motions. 

Passive heating of joints was accom- 
plished by means of short wave dia- 
thermy, a micro wave generator, an 
infra red baker, avplication of paraffin 
or immersion in hot water. All these 
methods of applving heat increased the 
skin temperature as anticipated. 

Following hydrotherapy, however, 
the joint temperature was only slightly 
elevated. 

More marked heating of the joint 
was obtained from radiant heat and the 
application of paraffin to the surface. 

The g 


reatest elevation of joint tem- 
perature occurred following application 
of high frequency electrical energy, i.c., 
short wave diathermy or micro wave 
The relative rate of cooling of joints 
after passive heating was more ranid 


heumatoid arthritic 


in normal than in r 


cr astecal 
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THE METABOLISM OF THIOCYANATE AFTER PROLONGED 
ADMINISTRATION IN MAN® 


By F. Corsin Morster, M.D.** 
AND 


Epwarp D. Frets, M.D. 
BOSTON, MASSACHUSETTS 


From the Evans Memorial, Massachusetts Memorial Hospitals and Boston University 


School of 


INVESTIGATIONS of the distribution of 
measuring the 
extracellular fluid volume has resulted 
in a better understanding of its metab- 
lism during short sojourns within 
the Whereas almost. all 


thiocyanate ion in 


thiocyanate can be recovered in the 
rine after a single dose'*, discrep- 
ncies between the daily intake and 
output have been demon- 
trated after repeated administration 
f the drug for prolonged _peri- 
16,1 explanation of this, 
suites of excretion other than the kid- 


eys in man!*, and intra-cellular stor- 


rinary 


ge in dogs have been suggested, 
it never conclusively demonstrated. 
nee thiocvanates are still used in the 
eatment of essential hypertension and 
the estimation of extracellular fluid 
lume it seemed of importance to 
termine the fate of this drug after 
ig continued use in man. 


Materials. Fifteen cases, 9 normotensive 
6 hypertensive, were selected for study 
use they had little evidence of impaired 
| function or abnormal hydration. They 


> 


divided into 3 groups: 

oup 1 consisted of 2 normal subjects 

authors) both of whom received single 


ey 


ver, New Hampshire. 


Medicine) 


doses of 1500 mg. of sodium thiocyanate§ 
intravenously. Then, after an interval of 4 
weeks, Subject E.D.F. received a single oral 
dose of 1260 mg. of potassium thiocyanatet. 
Group 2 consisted of 9 cases hospitalized 7 to 
13 days for conditions other than acute ill- 
ness. Eight received oral potassium thio- 
cyanate in doses to 200 to 400 mg. per day, 
while 1 received daily doses of 400 mg. of 
sodium thiocyanate intravenously. In both 
groups 24-hour, as well as other appropriate 
collections of urine were made throughout 
the period of study. Group 3 consisted of 5 
cases studied as out-patients at 7 to 14 day 
intervals for 4 to 15 weeks. Four were 
selected because of their cooperation and 
reliability in obtaining 24 hour collections of 
urine and taking prescribed doses of oral 
potassium thiocyanate (120 to 360 mg. per 
day) depending upon the individual case. To 
avoid criticism of data obtained in this man- 
ner, one of us, F.C.M. followed a_ similar 
regimen for 4 weeks collecting all urine 
voided throughout the entire period until no 
further thiocyanate appeared therein. 
Methods. Determinations of the serum con- 
centration of thiocyanate were made by the 
method of Crandall and Anderson5, modi- 
fied®, and adapted to the Coleman junior 
spectrophotometer!?, The “natural thio- 
cyanate color” of the serum’, which remained 
constant in any given case from day to 
day, was determined prior to administration 
of the drug. From this value (range 0.7 to 
1.2 mg. per 100 cc.) correction was made in 
each instance to obtain the actual serum con- 


Supported in part by the Squibb Institute for Medical Research, New Brunswick, New 


On leave from the Mary Hitchcock Memorial Hospital, and Dartmouth Medical School, 


Sodium thiocyanate in sterile saline containing 50 mg. per cc. used exclusively throughout 


study for intravenous administration. 


Potassium thiocyanate “Enseals”—Eli Lilly Co., Indianapolis, Indiana, was used exclusively 


ighout ‘this study for oral administration. 
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centration of thiocyanate. Urinary thiocyanate 
determinations were made by pipetting 2 c¢ 
with 10 ce. of 10% trichloroacetic 

filtering after gentk 


Three cc. of the tiltrate were then pipetted 


ot urine 


icid and agitation 


into each of colorimeter tubes. To one, 
} ec. of ferric nitrate reagent® was added and 
to the other, which served as a blank, 3 c 


t distilled water. Readings were made within 
5 minutes with the Coleman junior spectro 
photometer at a wave length of 480 millimi 
\ thiocyanate like color developed by 

tound in the 

recelving no 
prior to 
drug and correlated with the specific gravity. 

\ factor was thus determined tor every 0.001 

f specific gravity in each subject and correc 


crons 


ferric nitrate urine® of all sub 


jects while thiocyanate was 


determined administration of the 


tions made to determine the actual amount of 


thiocyanate in each 24 hour collection. The 
stool specimens were first thoroughly mixed 
in a Waring blender with known volumes 
of water and filtered prior to determination 


ot thiocyanate 
utilized in the manner as 
tor the no natural color 
ippeared in the feces, further correction was 
content of the 
was determined in 


Blanks 


dk Sc ribed 


concentration. wert 
Salle 
urine, and, becaus« 

thiocyanate 


induc ed by he at 


unnecessary. The 
sweat 
the same manner as the plasma. 

As applied in this study, the term “thio 
reflects the 
n which thiocyanat 


cyanate spacc total fluid volum« 
is distributed including 
he pl isma volume and that amount known 
cells5.18, Since the fluid 


volume in this space remains constant under 


to enter certain 


normal conditions of hydration!?.14, re peated 


doses of thiocyanate should increase the con- 


entration in this fluid volume proportion 
itely, unless after prolonged administration, 

l thiocyanate enters cells to a greater 
degree 2) is excreted by routes other than 


is destroyed. Because the 
erum thiocyanate is in relative equilibrium 
with all of the “thiocyanate 
Space the serum increment each day should 
be equivalent to the 
entire 


the kidneys, or (3 
components 


within the 
throughout any 
period during administration of the drug 
rhus, it should be possible to determine th 
umount in mg. retained at any moment by 
multiplying the plasma concentration of thio 
cyanate in mg. per c by the “thio- 
cyanate space” in cc. Furthermore, the pel 
cent daily increment retained within the fluid 
volume of the “thiocyanate space” as calcu 
lated above plus the per cent excreted in the 
24 hour urine, feces, and sweat, should 
approach all of the daily intake, unless, as 
previously suggested, undue cellular deposi- 
tion or destruction occurred 


increment 


“thiocyanate space 
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Results. Group 1. 


this group were each given a_ single 


The subjects ot 


dose of thiocyanate in an attempt to 
whether all of the drug 
the urine fol- 
lowing acute administration (Table 1) 
Subject E.D.F. 1500 


mg. of sodium intrave- 


determine 
could be recovered Ih 
who received 
thiocvanate 
nously excreted a total of 1460 mg 
97% 
urine throughout a period of 14 days 
After that time no further thiocyanate 
recovered in the serum ot 
Subject F.C.M., who 
amount of drug 
total of $36 


mg. of thiocyanate during the first 5 


of the original amount in the 


could be 
urine. Similarly 
received the same 
intravenously, excreted a 
davs when the experiment was term1- 
nated. Multiplying the serum concen 
(0.048 the 
thiocvanate space was 
that 654 mg. of 
within the fluid 
the “thiocyanate space” after 5 days 


Therefore, a total of 1490 mg. (836 


tration mg. per ce by 
15.200) it 
calculated the drug 


remained volume. of 


654 mg.). or 98.7%, of the dose could 
be accounted for at that time (Table 
] At another time, subject E.D.F 
received 1260 mg. of oral potassium 


W- 


ing administration of the drug all urine 


thiocvanate as a single dose 


voided was collected until thiocvanate 
failed to appeal therein. After 13 davs 


1212 mg. of the original 1260 mg 
(967) of drug administered was recov 
ered. Obviously, therefore, almost all 


thiocvanate was accounted for by 


urinary excretion after single doses of 
the drug whether administered by the 
intravenous or oral route 

It is of interest that whereas in dogs 
receiving intravenous thiocvanate a 
marked increase of the apparent vol 
ume of distribution occurred witl 
the 
tribution after single intravenous doses 


in both subjects of Group 1 of th 


time®. apparent volume of dis 


present experiments in man increase¢ 
only slightly throughout the first 48 t 
72 hours, thereafter returning toward 
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) 


the values obtained at the end of 
hours which averaged 21.2% of the 
Table 2 Although 
these values are higher than thos 

obtained with 
spond to those of other workers 


body weight 


inulin'’, they corre 


0.13 for 
the apparent volume of distribution 
of thiocvanate in man 

Group 2. In all of these cases receiv- 
ing continued daily doses of the drug 
the serum concentrations of — thio 
cyanate increased rapidly throughout 
the first 4 to 5 days, and then’remained 
relatively constant. (Fig. 1). However, 
once a serum concentration became 
established there were wide fluctua- 
tions in the total urinary output of 
thiocyanate from day to day (Fig. 1] 


Chat these fluctuations were not due to 


rHIOCYANATI 


the dose or serum concentration of the 
drug was evidenced by the tact tha 
W.W. and L. W-H.) sim 


ilar Huctuations were observed not onh 


in cases 


at the serum levels established afte 
receiving 200 mg. of thiocvanate fi 
6 davs, but also at higher serum level 
established after the dose had bee: 
increased to 400 mg pel day tor sey 
in all cases the 
th 


eral davs. Furthermore, 


sum of the per cent retained in 
thiocyanate space 
excreted in the urine approached 100 
of the daily intake only 
first 2 to 3 davs. Thereafter, an ave 

range 78 to +1957 « 
ntake could be accounted f 


during th 


age of 74 
the dail 
Fig. | 


In CASES D4 hour stool] collection 


WCENTRAT MG PER CE 
4-4 
44 4A. 
PINAR 
2% 
PER CENT 
- 4 
wy 3 a 6 ? 8 5 
Fic. ] Serum concentration, urinary excretion and per cent of daily intake of thiocyar 
iccounted for in the subjects of Group 2. The urinary output fluctuates widely after the | 


4 to 5 days and after the first 2 to 3 days less than 100% of the daily intake is accounted 
in the majority of instances. Subjects L. W-H. and W. W. received 200 mg. of oral potass 
thiocyanate a day for 6 days, then 400 mg. for the remainder of the period of study 


and the per cent 


Ih 
l 


ferent 
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ade on 3 to 6 diferent davs at dit- 
serum concentrations revealed 
n average daily thiocyanate excretion 
1 the feces of 3.7 mg. (range 1 to 20 
ig.) which represented a negligible 
ortion of the intake. Moreover, in 1] 
ise (F.C.M 
ition of 4.9 mg. per 100 cc. the con- 


with a serum concen- 


entration in the sweat (heat induced 
is only O.S mg. ‘ 
(,ROU! 


cases received oral 
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obtained when a single dose was given, 
ranged from 20 to 36% less than the 
amount calculated to have remained 
in the fluid volume of the “thiocyanate 
space” at the withdrawal 
(Table 3). 

In order to 


time of 
confirm the above 
results, one of us, F.C.M., 
1440 mg. of potassium thiocyanate in 
divided doses of 360 mg. per day for 
a period of 13.3 days. All urine was 


ingested 


otassium thiocyanate for 2 to 15 collected throughout this period and 
eeks in amounts sufficient to main- continued after the drug was _ with- 
in blood levels from 4 to 14 mg. drawn until the serum and urine were 
er 100 cc. for periods of 2 to 8 weeks. completely cleared of thiocyanate. The 
PABLI PROLONGED ADMINISTRATION OF THIOCYANATE PER CENT OF 
DRUG UNACCOUNTED FOR AFTER WITHDRAWAT 
1/ Time of W har f KSON 
fa dlated 
Duration of KSON Present in 
ministration Serum Concentratior Thio yanate Spa 
Weel Mg. © My 
kK. M 11 665 
B 15 13.8 
M.S 9 72 
D. M 4 5.8 1190 
{fter Withdrawal of KSCN 
Time Afte Serum Concentration Total Urinary ~KSON 
Wothdrawa / fRSON lnaccounted 
Day Ve For 
M 12 0 183 20 
B 28 0 1212 36 
S 10 1.6 637 20 
M 28 0 939 22 
roughout the period when blood average values of 3.7 mg. per day for 


els were relatively constant, weekly 


terminations of the 24 hour urinary 
tput in all cases revealed discrep- 
ies between the daily intake and the 
output 
ed in Group 2. 
{ cases after varying periods of 
administration thiocyanate was 
mtinued and all urine collected, 
er to the point of complete disap- 
rance of thiocvanate from both the 
m and urine, or toa point of known 
m concentration. In these cases the 
unt of thiocyanate recovered in 
urine, in contrast to the results 


urinary similar to those 


loss in the feces and 8 mg. per dav 
1000 cc.) for 


sweat!® 


(0.008 mg. per ce. x 
loss through imperceptible 
were used to calculate the total loss 
via these routes. Calculated thus, the 
fecal and imperceptible sweat loss was 
269 mg. throughout the 23 day period, 
while the urinary recovery was 2670 
mg. The total recovery of 2939 mg. 
(2670 mg. +269 mg.) of the admin- 
istered 4440 mg. left a deficit of 34% 
of the thiocyanate 
contrast, after acute administration in 
the same subject there was a deficit 


administered. In 


ti 
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ot only 1.3% exclusive of possible 
excretion via the sweat or feces. 


The 


studies indicated that temporary cel- 


Discussion. results of these 
lular storage occurred after the acute 
administration of thiocyanate since the 
‘apparent 
increased during the 


distribution” 
first 48 to 72 
hours. However, such storage was only 
the dn 


volume ot 


almost all ot 
was recovered in 


transient and 


ig 
the urine. 

In contrast, during prolonged admin- 
istration there were marked discrep- 
the intake and 


urinary output, confirming the observa- 


ancies between daily 


tions of previous authors! Such: 


discrepancies apparently occurred 
coincident to the establishment of a 
stable 
regardless of the daily dose or of the 


That 


of excretion other than the kidneys did 


relatively serum concentration 


route of administration. routes 
not explain such discrepancies during 
prolonged dosage was indicated by the 
fact that negligible the 
daily intake the 


stool and sweat despite relatively high 


amounts of 
were recovered in 
serum concentrations. 

Since thiocyanate was not excreted 
in the feces or sweat to any significant 
degree, the failure to account for all 
after pro- 
longed use suggested that it had either 
entered cells or had been altered with- 
in the body. If intracellular storage had 
occurred the subjects who had received 
thiocyanate for long periods (Group 
3) would have accumulated consider- 
able amounts during the 2 to 15 weeks 
After such cellular 
accumulation withdrawal of the drug 


of the drug administered 


of administration. 


should have been followed by an even 
greater urinary recovery of thiocyanate 
than 
within the “thiocyanate space.” How- 


had been calculated to remain 


ever, upon withdrawal of the drug 
atter prolonged administration no evi- 
such intracellular accumula- 
tion was apparent in the urinarv recov- 


eries. In fact, the total urinary 


dence ot 


excre- 
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tion was even less than that calculate: 
to have been in the “thiocyanate space 
at the time the drug was discontinued 
This indirect evidence was confirme¢ 
by the results of Subject F.C.M. hh 
this instance, whereas after the acut 
administration of a single dose” only 
1.3% of the total amount given was no 
atter 
tration 34% of the amount ingested wa 
lost. Since othe 
than the kidneys and intracellular ston 


recovered prolonged adminis 


excretion by routes 
age failed to explain such great loss 


of thiocvanate it was 


permanent alteration of the ion must 


have occurred within the body afte 


prolonged dosage. 
The recent 
Williams" 


cvanate 


Wood ali 
thi 


studies of 
using radioactive 
demonstrated 
the ion in th 
after 24 
possible in view of th 
that 


thiocvanate ion 


amounts of 
thvroid of 


minute 
rats hours. It 

present mvesti 
amounts of th 


gation greatel 


would have bee 
destroved after long continued admit 
istration. Although the product forme: 
in the thyroid 


determined 


gland has not bee 


these same 
that in rat 
thiocvanate ma 
sulfate’. Furthes 
Keith? recent! 
reported elevation of the serum sulfat 


previously demonstrated 


minute amounts of 
be converted into 


more Estes and 
in a few patients who had_ receiv 
thiocvanate for long periods of tim 
Although suggestive, these studies « 
not prove that thiocvanate is catab 
ized to sulfate in man: nor do th 
exclude the possibility that thiocvanat 
is utilized to form other sulfur contai 
ing products within the body. 

It is impossible to determine fr 
the present data whether the clini 
effects of 
patients are associated w ith this app 


thiocvanate in hvpertensi 


ent mechanism for destroving th 


cyanate after prolonged administra- 
tion. That such a relationship m 
exist, however, is suggested by t 


concluded. that 


destruction 


authors had 


\ 
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tion 
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bservations that the thiocyanate ion 


es not exhibit hypotensive prop- 
acute administration in 
ses sufficient to obtain therapeutic 
ood levels” 
the dn 


iently are 


while clinical responses 
ig. when they occur, fre- 
not observed until after 
eral weeks of continued administra- 
Summary and Conclusions. 1. After 
single dose of thiocyanate nearly all 
the drug can be accounted for on 
basis of urinary excretion. 
By contrast, after prolonged ad- 
either intra- 


istration orally or 


discrepanc ies occur between 


BOLISM OF THIOCYANATI edd 


the total amount excreted and the 
amount retained, suggesting that under 
these circumstances the drug is either 
stored intracellularly or destroyed in 
vivO. 

3. Following withdrawal of the drug 
after a period of prolonged dosage the 
total amount recovered in the urine is 
far less than that calculated to be 
present at the time medication was 
discontinued, indicating that 
administration destruction 
rather than storage of thiocyanate ion 


during 
prolonged 


occurs. 
1. Negligible amounts of thiocyanate 
are excreted in the feces or the sweat. 
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DIAZOMETHANE POISONING: 


REPORT OF A FATAL CASE 


WITH AUTOPSY 


By Epwarp B. LEW1nn, M.D 
PHILADELPHIA, PENNSYLVANIA 


(From the Medical Servic 


[HE present report is concerned with 
what is believed to be the first instance 
ot tatal 
man. Diazomethane was discovered by 
1894. A all 
reterence sources available since that 
year, including all issues of the Quar- 
erly Cumulative Index Medicus and its 
predecessors, the Index Catalogue of 
the Library of the Surgeon-General’s 
Office of the United States Army, and 
various texts and monographs on toxi 
cology, chemistry and industrial medi 
cine too numerous to mention, reveals 
but a single published clinical case of 
diazomethane poisoning. This was re 
ported by Sunderman, Connor and 
Fields'’® in 1938. The lack of emphasis 
on the extreme toxicity of this agent 
in the chemical literature, which was 


diazomethane poisoning in 


Pechmann’ in search of 


noted by these authors, apparently per- 
sists at the present writing. 

Pechmann® described diazomethane 
as being extremely poisonous. Various 
ill effects experienced by those working 
with the gas were subsequently noted 
briefly. These included denudation of 
the skin and mucous membranes’; 
irritation of the skin and rendering of 
the fingers so tender that it was difficult 
to pick up a pin‘; chest pains, fever 
and severe asthmatic symptoms’; devel- 
opment of a supersensitivity “so that it 
is almost impossible to work even care- 
fully with diazomethane without being 
subjected to attacks of asthma and 
fever’. Arndt described it as “an 
especially insidious While 
these warnings, included in a technical 
journai, would seem to be adequate, a 


pe yison 


(556 ) 


of the Jewish Hospital ) 


tull realization of the serious characte 


of the toxic eflects produced by diazo 


methane apparently does not exist. 


Diazomethane is a very” unstabl 


vellowish gas 


odorless 
great usefulness chemically as a methy 
ating agent. Because of its high degre 
of chemical activity it not only present 
a toxic hazard but is explosive as wel 
For 


employed in its gaseous form 


generally 
but 
dissolved in ether or benzene in whi 


this reason it is 


it is readily soluble. Some details of it 


nature and uses may be found in tl 


10 


article by Sunderman et al. 


Case Report. H.W., a 28 vear old, wl 
male che st working research institut 
was eng 1 in an investigation of ergot 
meine procedure which involved t 
mploym« nt ot various chemical igel 
including phosphorus penta hloride, hydro 
chloride icetvl chloride ind diazometh 
On November 25, 1948, he worked wit 
these substances in a trial run of a prelimin 
step in his project. On December 2 


repeated the process on a larger 
Reluctant to distillation 
which was in progress, he ate 
the 


hamburger sandwich, which might have s 


leave a operat 


his lunch 


laboratory. It consisted of a rather gre 


significance because of the fat solubility 
diazomethane. patient inadvert 
inhaled the gases produced in the course ( 
his experiment, although he worl 


under a laboratory hood. During his actis 
aware of a tickling discomfor 
the throat, and began to cough The coug 
was short hacking 
December 3 he worked in the laborator 
usual, but went home early because of fat 


he bec 


substernal soreness and the cough whicl 
from. its 
That night he called his physician to wh« 


continued without cessation 


mentioned the nature of his research and t! 


recent exposure to chemical irritants. At 


dry and persistent. 


which is of 


| 
| 

| 
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il examination was negative. The 
iperature was 102.4° F. He was given 


10,000 units of procaine penicillin in 


pension intramuscularly. The fol 
December 4, he took several doses 
uuse of a severe headache, and 
proved. When re-examined by his 
n the early evening he revealed a 
repitant rales at the base of the left 
ral temperature was 100.2° F. In 

| | ndition seemed considerably bet 
vena second dose of pe illin 
during the night he became quite 
1 his cough Was even more haras 


before. At 3 a.m. on December 5, 


briet episode of chilliness, his te 


| 
to 104° F. At 7 a.m. his physician 


is of what he believed to be pneu- 
t the base of the left lung 
t v the patient at noon on December 
vy revealed the fact that he had 
chemicals mentioned above. The 


tol 


ture of phosphorus pentachloride 
loride and acetyl chloride was 
ted. However, the patient offered 
n as to the character of diazo- 
T f which neither his physician nor 
knowledge At this examination 
d gasping respiration harassing 
ind de of appre he nsion. 
Iso marked flaring of the alae 
retraction of the intercostal, supra- 
upraclavicular spaces on inspira- 
estive of pneumonitis involving 
were again present. These con- 

f slight to moderate impairment of the 


hovesicular breath 


rote bron 
| numerous fine and coarse « repitant 


\ few fine crepitant rales were also 


nt below the right clavicle. The tempera- 


till 104° F., the eardiac rate 90 and 
ry rate 30 per minute. The blood 
128/80. At 1:35 p-m. the patient 
tted to Jewish Hospital. 


it was found that dullness was 


throughout the right upper lobe and 

f the iddle lobe. In the same areas 
also bronchial breath sounds, 

| fine cre pitant rales but little change 
esonance. The patient complained of 
ible to fill his lungs with air. Moder- 
sis Was present in spite of oxygen 

It was increasingly evident that we 
ling with no ordinary pneumonic 
Although a second consultant who 

| the patient was of the opinion that 
fulminating pneumonia, probably 

ecal complicating an earlier virus 
nitis, attempts to discover the possible 
liazomethane as the cause of a chemi- 
monia were continued. However, the 


dav being Sunday, few sources of information 
could be reached and none of these could 
clarify the question. It was not until the morn 
ing of December 6 that we learned that diazo- 
methane was in all probability the cause of 
the patient's symptoms. 

There was little change in the pulmonary 
signs from the evening of December 5 until 
the patient died at 4:45 p-m. on December 6 
about 100 hours after definite exposure to 
diazomethane. However, the cardiovascular 
manifestations were of considerable interest 
rhe blood pressure at 1:35 p.m. on December 
5 was 134/80 and the cardiac rate was 100 
per minute. At 4:30 p.m. the blood pressure 
was 146/80 and the cardiac rate 136 per 
minute At §:30 p-m. the readings were 
170/88 and 140 respectively; at 1 a.m. on 
December 6. 180/90 and 136: at 7 a.m 
170/90 and 176, from which point on the 
blood pressure dropped slowly throughout the 
day while the cardiac rate maintained a level 
in excess of 170 per minut until deat} 


occurred. From 1 a.m. on December 6. the 
respiratory rate averaged 44 per minute 
Except for one instance following sponging 
the te mperature never fe ll below 104°, rising 
to 106° terminally. All measures to contro! 
the progressive shock, anoxia and hvperpyrexi: 
were of no avail. It is worthy of note that 
frank pulmonary edema was never evident by 
phy sical signs 

Other manifestations which occurred in 
cluded mental confusion which first appeared 
late in the evening of December 5; muscular 
twitchings which seemed to respond to 5% 
intravenous dextrose infusion; coma which 
developed quite suddenly at 8 a.m. on Decem 
ber 6: vomiting of a small amount of brownis! 
material, strongly positive for occult blood 
at noon on December 6, and the vomiting of 
about 750 ce. of partly coagulated blood 
terminally. 

Treatment consisted of oxygen therapy 
sedation for the cough, restlessness and sub 
sternal distress by means of small subcutane 
ous doses of morphine sulphate; ice caps and 
alcohol sponges for the hyperthermia; penicil- 
lin, combined sulfadiazine and sulfamerizine 
and dehvydrostreptomycin. Intravenous o1 
hypodermic dextrose in normal saline solution 
or in distilled water, in 5% concentration, were 
given as the state of the patient’s fluid balance 
seemed to indicate. Blood plasma, whol 
blood transfusion and adrenal cortex extract 
were employed to combat the state of shock. 

The laboratory studies were largely limited 
by the patient’s critical status and brief ill- 
ness. A blood count on December 5 revealed 
14.5 gm. of hemoglobin with 4.5 million 
erythrocytes. The leukocytes numbered 11,300 


1] 
ict 
thar 
ibl 
| 
thi | 
ead 
We | 
ut 
h | I 
ot 
titute, | 
\ 


LEWINN: 


of which 83%) were neutrophils, 6% were 
monocytes and 11% lymphocytes. Of each LOO 


nt utrophils 54% were filamentous forms and 


16 were nonfilamentous. On December 6 
there was a marked leukocytosis, over and 
tbove obvious hemoconcentration. While the 


5.6 million, with 

emoglobin reading of 15.5 grams, the leuko 
23,600 in number, the differential 
count being approximately that of the preced 


red blood ce ll count 


Was 
cytes wert 


ing day. The urine was tvpical of a patient 


suffering trom a very acute febrile reaction 
the specific gravity being 1.035, with 4 plus 
albumin, 1 plus acetone and 0.5% of sugar 
ipparently due to therapy) present. There 
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bron hia 


and all of the 


branches showed a deep red swollen Ve lvet 


two main bronchi 


surtace, covered in many places by i thi 
laver of catsup-colored exudate 

brown 
1550 
appeared somewhat small for the 
e of the There 


the surface, in many irregular 


sott an 


gin. an 


The myocardium was pale 


cloudy. The liver weighed 


size an 


ag patient was marked mottlin 
of 


areas havin 
a pale vellow color in contrast to more cor 


gested dark brown segments. Section reveak 


lobules with pale vellow centers surround 


by red rings. There was a greasy 


aspect t 
the cut surtace 


The esophagus showed a swollen, dark r 


Fic. 1 Section through Wall of Trachea (x 100 
te Section of Lung and Bronchiole (x 100 
were also some hyaline and occasional granu in places almost black mucosa, partic 
lar casts. The blood sugar, after therapy was in the lower half where there were su 


begun in the hospital, was 366 mg. and _ th 
nitrogen 100 cc. of blood 
A single blood culture showed no growth 
Autopsy (by Dr 
coroners physician, 19 


urea was 17 per 
Benjamin Gouley, chiet 
after death 
rhe salient gross features were in the respira 


torv system. Both lungs were large and bulky 


hours 


the right weighing 850 gm. and the left 800 


gm. On section they revealed deep, red 
moist parenchyma studded with numerous 
tubercle-like gray points. Many of these under 
pressure were seen to be semi-liquid, exuding 


small points of pus. There were no gross con 


solidations in either lung. The trachea, the 


erosions and necrosis of surface epithe! 


The stomach moderately dilated. its 


Was 
mucosa somewhat congested, but sh 
nothing of the striking change seen it 
esophagus The congestion was most marked 
at the cardia, fading rapidly toward the fut 


dus. It contained 300 ec. of dark, almost black 
fluid. The 


congestion but no ulceration. 


duodenum likewise showed mucosa 


‘The thymus was enlarged and cellular to 
the patient's age level. While fattv tissue was 


there islanc 


present, were numerous 
gravish-red and red thymic tissue throu ut 
The brain revealed on section a_ rither 
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triking spotting of red throughout the whit epithelium to be almost entirely lost and the 
matter, seen almost equally in all lobes of the mucosa markedly thickened by edema and 
tl erebrum. The cortex showed nothing of note congestion. There was cnormous engorgement 


HisTOLOGIC EXAMINATION of the trachea ot capillaries and small veins. The tissue form 
tin stem bronchi showed the ciliated ing the background of the mucosal structure 


“" Fic. 3. Section of Myocardium (x 100) 
Fic. 4. Section of Brain (x 100). 


Fic. 5. Section of Kidney (x 100). 


er Fic. 6. Section of Liver (x 100). 
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was swollen with edema, some fields showing 
necrosis. There was a heavy cellular infiltration 
into the mucosa cons.sung ot polymorphonu 
clear cells and of various types of the mono 
cytic series. The bronchial muscle fibers wer: 
swollen and pale, many appearing to be in 
the early stage of coagulation necrosis. The 
glands of the bronchial 
tended with secretion 
cellular infiltration. 

In the lungs there was widespread acute 
congestion. The site of each bronchiole was 
marked by an intense inflammatory reaction 
loosening or desquamation of the bron- 
chiolar epithelium and filling of the lumina 
with cellular debris. Under the displaced 
epithelium there were dense cellular infiltra 
tions of polymorphonuclear and other leuko 
cytes which extended out into the adjacent 
lung structure, constituting an acute peri- 
bronchiolar pneumonia with breakdown of 
alveolar walls and filling in to form small 
coalescent alveolar abscesses. The small blood 
vessels were greatly congested and frequently 
showed a perivascular collar of leukocytes. 

Sections from the interventricular septum 
of the heart showed interstitial edema of the 
myocardium. Many groups of muscle fibers 
showed hyalinization, a “curling” misshaping, 
swelling or acute atrophy and, in some fields, 
infiltration by leukocytes. There was intimal 
thickening in the left coronary artery. 

The brain disclosed occasional foci through- 
out the white matter where the original struc- 
ture had disappeared or was in process of 
doing so. These areas took a pale reddish 
stain and gave the appearance of fibrinous 
necrosis. However, there was no hemorrhage 
into these acutely necrotic areas. Many small 
blood vessels, venules and possibly 
urterioles were filled with hyaline thrombi 
completely occluding the vessels. 

There was marked congestion of the renal 
glomeruli. While the capsules were distended 
and, in many glomeruli, showed slight to 
moderate thickening, there was no regular 
inflammatory reaction. All of the proximal 
convoluted tubules showed marked epithelial 
swelling, almost closing the lumina in many 
instances and constituting a marked nephrosis. 
In contrast to this the distal tubules were well 
preserved although they contained much 
albuminous and hemoglobinuric material. 

The inner third to half of each liver lobule 
showed much fatty change, whereas the outer 
half was markedly congested. In the inter- 
lobular capillaries were seen a greater number 
of leukocytes than normal. There was an 
occasional swollen Kupffer cell and slight to 
moderate infiltration of leukocytes in the 
perilobular connective tissue. The nuclei of 


were dis 
showed 


mucosa 


and heavy 


some 
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the hepatic cells were in general well pre 
served, except in the areas of marked fatty 
degeneration. 

in the 
squamous epithelium of the 


tract the 


esophagus Was 


uppe! gastrointe stinal 
generally intact but the mucosa was swollen 
with distended capillaries, marked interstitial 
edema and leukocytic infiltration. The mus- 
cular lavers all showed some swelling due to 
interstitial edema. Unfortunately, sections from 
the stomach were lost. The duodenum showed 
acute focal necrosis of the epithelium and a 
marked inflammatory reaction in the mucosa 
and submucosa 

The adrenals revealed medullary edema and 
focal degeneration in the cortex. There was 
hyperplasia of the splenic pulp with conges- 
tion and hemorrhage 

The pathological diagnosis was acute ulcer- 
ative bronchiolitis «and 
bronchiolar pneumonia, with secondary toxic 
changes in the heart, kidney and liver; acute 
esophagitis; acute gastritis; acute duodenitis 


tracheobronchitis, 


Discussion. For a specific toxico- 
logic diagnosis it would, of course, be 
desirable to have identified the pres- 
the blood 
stream or the tissues of the patient. 
However, the great instability and the 
high reactivity of the poison as well 
as the time which elapsed between 
exposure and the conclusion that diazo- 
methane was the responsible agent, a 
matter of some 72 hours, made such a 
procedure entirely unfeasible. Further- 
more, there is apparently no test avail- 
able at this time by which such an 
identification could be made. 

Sunderman’s patient’® gave an un- 
questionable history of hay fever and 
asthma. The manifestations which he 
exhibited resembled those of bronchial 
asthma so strongly that therapy early 
in the course of that patient’s illness 
was directed along those lines. In the 
present case there had never been any 
allergic phenomena during the patient's 
lifetime. The clinical appearance was 
that of a fulminating pneumonia. The 
reason for the difference in the mani- 
festations is open to question. The 
degree and duration of exposure to 
diazomethane is without doubt of con- 
siderable importance. Of great moment 


ence of diazomethane in 
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also, is the mode ot action of this agent. 
Due to its high reactivity it combines 
readily with the tissues. In the present 
case it is probable that the intense 
involvement of the tracheobronchial 
tree was due to direct contact with 
inhaled gas while the pronounced gas- 
trointestinal changes were possibly 
similarly due to contact with the 
liazomethane-contaminated sandwich 
aten while the patient worked in the 
laboratory. It is of great interest to 
note that there was no complaint. of 
dysphagia at any time. 
Flury and Zernik* state that there is 
slow reaction of diazomethane with 
water to form methyl alcohol, with the 
liberation of nitrogen. Oxidation of 
methyl alcohol produces formaldehyde. 
Lehmann and Flury’ point to the ‘for- 
mation of formaldehyde and formic 
icid from methyl compounds, such as 
diazomethane, and include these sub- 
stances among the true enzyme poisons. 
Axmacher*® has found that diazometh- 
ine inactivates zymase as well as 
arboxylase in yeasts. From these state- 
nents it seems probable that it has a 
imilar effect on enzyme systems in 
inimal tissue. 
In areas such as the trachea the 
ction of diazomethane appears to be 
rrosive, at least in part. However, its 
nfluence on tissues where there has 
een no direct contact cannot be of this 
haracter. Landsteiner and DiSomma’®, 
vho « oul diazomethane as a sensi- 
zing agent in order to produce allergic 
fects, noted that the reactivity of this 
ison is so great “that it doubtless 
ymbines with substances of the animal 
ly rapidly after administration and 
this reason the spread of sensitiza- 
n can hardly be ascribed to the dis- 
bution of the exciting substance itself 
t to transportation of some sort of 
njugate (such as methylated protein ) 
perhaps, antibodies”. 


In a discussion of the industrial haz- 
ards presented by organic chemical 
synthe ‘sis Watrous!! points out that the 
active agents used to attack and modify 
the structure’ of organic compounds 
are, by their very nature, exceptionally 
able to modify the organic compounds 
of the human body, thus producing 
highly poisonous effects. Watrous also 
notes that the intermediate compounds 
in most organic syntheses are often 
characterized by the readiness with 
which they enter into chemical com- 
bination with other organic matter; 
they are active. This frequently confers 
toxic properties of great variety upon 
them. Of great importance is the fact 
that any investigator who works with 
diazomethane, or any other agent such 
as Watrous describes, is employing a 
powerful and deadly chemical. It be- 
hooves those who supervise laboratory 
procedures to be aware of the dangers 
inherent in the activities of their stu- 
dents or assistants and to give full and 
adequate emphasis to those dangers 
when any hazardous project is under- 
taken. 

Summary. A report of the clinical 
features and autopsy findings in a case 
of poisoning by diazomethane has been 
presented. Diazomethane is highly 
toxic agent which appears to have a 
corrosive action upon tissues with 
which it is in direct contact. In addi- 
tion, it appears to produce sensitizing 
effects so that part of its insidious char- 
acter lies in allergic reactions which 
may arise in any area or organ of the 
body not directly exposed to it. The 
clinical picture thus produced may 
resemble bronchial asthma or a ful- 
minating pneumonia. The great caution 
necessary on the part of those who 
work with this agent is clearly evident 
and should be stressed whenever its use 
is contemplated. 
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IN the course of the routine review The diagnosis of uremia was made on the 
of blood films peculiar red cell, basis of azotemia together with one or more 
of the clinical findings of nausea, vomiting, 
5 irritability, lethargy, uremic frost, pericarditis, 

and coma. All patients had blood creatinine 
spiny proj ctions along its pe riphe ry, levels of 3 mg. per 100 cc. or over and non- 
vas seen from time to. time. The protein-nitrogen levels of 70 mg. per 100 cx 
mpression was gré dually gained that Of the 75 patients whose bloods 


were studied, 71 died. The blood pressure 
this form represented an entity which, \., 150/90 or over in 62 (82%) of these 


ilthough occasionally encountered in cases 


i 
7.5 micra or less in 
diameter and hi iving one or more large 


ther conditions, occurred most fre- The diagnoses of carcinoma of the stomach 
suently in uremia. carcinoma of the and bleeding peptic ulcer were substantiated 
by gastroscopy, Roentgen-ray, and, or, sur- 
tomach, and peptic ulcer with bleed- : 


very 
ng We have found that this peculiar One thousand red blood cells were counted 


oikilocyte, which we have designated on each dry blood film. In addition, 25 wet 
burr” cell, often offers the first clue Preparations were made; 15 from the blood 
to diagnosis. Experience has taught us of uremic patients, 5 from patients with 

carcinomas of the stomach, and 5 from 
"patients with bleeding peptic ulcers, in ordet 
osts in the etiologic evaluation of to study the appearance of the cells in 
nemias. This study was undertaken to _ relatively unmodified state. 


st the validity of what, to the present We were particularly interested in 
me, had been simply an impression, determining whether the “burr” cell 


d to determine the frequency with was a form of poikilocyte or a cre- 
hich “burr” cells occur in both normal ated cell. The appearance and fre- 


| abnormal states. quency of occurrence of the “burr” cell 


Material and Methods. Blood films from 75 in the wet preparations leaves little 


of uremia, 50 cases of carcinoma of doubt but that these cells represent a 
tomach, and 50 cases of bleeding peptic preformed poikilocyte and not a cre- 


were studied. The control series was nated cell. There are occasional “burr” 
up of 2 groups. The first consisted of 


cells, however, which are difficult to 
msecutive blood films obtained from ; ‘ “a 
nts entering the medical wards of the differentiate from crenated cells (Figs. 
tal for miscellaneous conditions and hav- 2 and 9). 
no hematologic aberrations, while the The 
nd was made up of 100 similarly obtained 


use “burr” cells as valuable sign- 


al 


“burr” cell is a mature erythro- 
. @  eyte about 7.5 micra or less in diameter, 

which showed some hematologic shich } 

rmality such as anemia, leukocytosis, which has one to severa spiny pro- 


] 


locvtosis, and so on. jections along its periphery. We have 
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call it “burr” cell because 
of its resemblance to the prickly enve- 
lope of a burr. “Burr” cells differ from 
red cells in that the latter 
fairly symmetrically 
arranged small spiny projections which 
often occur on the surface as well as 


chosen to 


crenated 


have many, 


the periphery; and whereas crenated 
cells occur in groups, sometimes more 
in one area than another, “burr” cells 
are fairly evenly scattered throughout 
the blood film. In the enumeration ot 
“burr” cells for this study only those 
which were untouched 
and 
located in fields in which no crenateJ 
cells were present. 

Of the 75 cases of uremia, 54 cases 
73 showed “burr” cells. The range 
of incidence of the “burr” cell in this 
group was 0.1% to 1.5% (1 to 15 “burr” 
cells pel 1,000 red cells counted). No 
the 
race, 
ige, height of blood pressure, anemia, 
index, or the levels of the non- 
protein-nitrogen or creatinine. 

Of the 50 patients with carcinoma of 
he stomach, 34 (68%) had “burr” cells. 
[he percent incidence of the “burr” 


were counted 


by adjacent cells which were 


correlation existed between inci- 


dence of “burr” cells and Sex, 


olor 


ell in this group was from 0.1 to 3.7 


| to 37 “burr” cells per 1.000 red 
lood cells counted). No correlation 
vas demonstrable between the inci- 


nce of “burr” cells and race, sex, age, 
nd the anemia or the color index. 
Of the 50 patients with bleeding 
eptic ulcers, 27 (54%) showed “burr” 
ells. The range of the incidence of 
urr’ cells in this group was 0.1% to 
2% (1 to 12 “burr” cells per 1,000 red 
lls counted). In this series there 
re 37 patients with duodenal ulcers, 
with gastric ulcers, and 2 with 
irginal ulcers. No correlation existed 
tween “burr” cell incidence and the 
te of the ulcer, race, sex, age, anemia 
the color index. 
On the 100 blood films of the control 
oup which revealed miscellaneous 
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non-hematologic diseases, no “burr 
cells were found; while in the 100 prep- 
arations obtained from patients show- 
ing some hematologic aberration, 21 
had “burr” cells. The 21 cases were 
made up of the following conditions: 
Azotemia 
Organic Heart Disease I 
Heart with Failure 
Rectum 
astro-intestinal—siie 
unknown yA 
Carcinoma-stomach 
Anemia 
Pernicious Anemia—with Carcinoma 
of Stomach 
Malnutrition 
Tuber« ulosis 


Organic Disease 
Carcinoma 


Carcinoma 


Pernicious 


~~ 


Thvrotoxicosis 


Discussion. This study failed to 
reveal the pathogenesis of the “burr” 
red cell and did not elucidate the com 
mon among uremia, 
carcinoma of the stomach, and bleeding 
peptic ulcer. Severity of anemia, level 
of color index, amount or duration of 
bleeding, degree of nitrogen retention, 
age, sex and race were all taken to be 
insignificant. | Hypoproteinemia and 
blood in the intestinal tract may play a 
part. Dehydration is apparently not a 
significant factor, as we have not com- 
monly observed “burr” cells in severely 
dehydrated diabetic patients in acid- 


denominators 


TABLE 1. OCCURRENCE OF “BURR” 
CELLS IN THE CONDITIONS STUDIED 


Incidence Range of Inci- 


Condition Number of | of “Burr” dence of “Burr” 
Cases Cells Cells 
Number Percent 

Normal 100 none 0 
Various 

hematologic 

abnor- 

malities® 100 2 21 
Uremia 75 54 73 0.1%—1.5% 
Carcinoma of 

stomach 50 34 68 0.1%—3.7% 
Bleeding pep- 

tic ulcer 50 27 54 0.1%—1.2% 


® These include an undetermined but prob- 
ably small number of cases of uremia, car- 
cinoma of the stomach, nephritis, and so on 


osis. It is interesting that in the control 
group of miscellaneous 
conditions the most frequent common 
denominator was renal impairment. 
Summary. In the peripheral blood of 
patients with uremia, carcinoma of the 
stomach, and bleeding peptic ulcer 
peculiar poikilocytes frequently occu 
which we have designated as “burr” 


cells 


“Burr” cells occurred in the bloods of 
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hematologic 
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73% of the patients with uremia, 68% of 
carcinoma of the stomach, and 54% of 
bleeding peptic ulcers. 
“Burr” cells are very rare in normal 
(none in 100 control cases ), but 
other than the 
though their 


ence should always suggest additional 


bloods 
occur in conditions 


above mentioned pres 


renal involvement. 
Conclusion. “Burr” cells are valuabl 
sign posts in the study of anemias 
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fur field of parenteral fluid therapy 

is been developed chiefly during the 
st 25 vears. General progress in the 
elds of biochemistry and physiology 
well as more specific investigations 
fluid and electrolyte metabolism 

ive supplied a_ basis for the rational 
se of such solutions as saline, glucose. 
odium bicarbonate, and sodium lactate 
the treatment of dehydration ‘and 
icid-base disturbances. The literature 
tains a number of excellent reviews 
which summarize these basic studies 
ind therapeutic procedures! 19, 
During the past few years a number 
f other substances, namely, ammo- 
nium chloride, potassium salts, protein 
ligests and whole blood have assumed 
mportance in parenteral therapy. It is 
the purpose of the present paper to 
review the advances in the fields of 


ammonium chloride and potassium 
therapy. 

Potassium. Until about a decade ago. 
it was generally assumed that such 
ions as sodium and chloride were extra- 
cellular, that others such as potassium 
and magnesium were predominantly 
intracellular, and that there was little 
exchange of these various ions across 
the cell wall. The work of Hastings. 
Eichelberger and their associates**:** 
79 on the calculation of the extra- 
cellular intracellular phases of 
muscle tissue were based on such 
assumptions and the results of their 
work substantiated these assumptions. 
However, Hastings carefully pointed 
out at this time that these assumptions 
held under essentially normal physio- 
logical conditions. During the past dec- 
ade there has accumulated increasing 
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evidence that the cell wall is not as 
impermeable as it was formerly thought 
to be and that under unusual environ- 
mental or pathological 
intracellular electrolytes 


conditions, 
may pass 
across the cellular membranes and, on 
the other hand, that under appropri 
ate therapeutic conditions such intra 
cellular components may be restored 

Some information concerning the 
normal distribution and metabolism of 
the 


consider the 


potassium in body is 


necessar\ 
before we deviations in 
disease and the therapeutic measures 
deviations. 
As for anv other component of the 
body, it is important to determine the 
relationship between the extent of stor- 
age and excretion throughout a wide 
range of various levels of intake, and 
to ascertain the 


necessary to correct these 


influence of various 
physiological variables upon this rela- 
tionship. 

DISTRIBUTION OF POTASSIUM IN. THI 
Human Bopy. The potassium content 
of the human body has been estimated 
variously as anywhere between 0.11 to 
0.35%". This would mean that an indi- 
vidual weighing 70 kg. would contain 
between 77 and 245 gm. or between 
about 2000 to 6000 m.Ea. of potassium 
Myers and Mangun* found that the 
pectoralis major muscle contained an 
average of 352 mg. potassium per 100 
gm. tissue; if a similar estimate is made 
of the potassium content of other tis- 
sues, then the total content in a 70 kg. 
adult would be about 245 gm. 

The normal concentration of potas- 
sium in the blood serum of man is 
about 16 to 20 mg. per 100 cc. or about 
{ to 5 m.Eq. per liter. Thus. in a series 
of 10 normal individuals Kramer and 
Tisdall® found the serum potassium to 
range from 19.2 to 20.0 and average 
19.6 mg. per 100 cc. Hald and Eisen- 
man*® observed a somewhat greater 
variability in a series of 16 normal 
individuals; the concentration ranged 
from 3.4 to 6.5 and averaged 4.6 m.Eq. 
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per liter. Recently, in a series of flame 
photometric determinations on 106 nor- 
mal individuals, Marinis and his asso- 
the range 
between 3.6 and 6.2 m. Eq. per liter. Ot 
fell between 4.2 and 
1.5 m.Eq. per liter and 93% between 3.9 
and 5.1 m. Eq 

The intracellular 
potassium cannot, except in the case of 


the red blood cells. be 


directly. Howevet 


ciates*? found values to 


these values 75 


concentration of 


determined 
the concentration of 
potassium in the red cell can also be 
determined In the 


16 individuals previously referred to 


indirectly. series ot 
Hald and Eisenman found the concen- 
trations of potassium in the red cell to 
range from 72 to 102 and average 33 
m.Eq. per liter or about 125 m.Eq. pet 
liter of intracellular water. In order to 
calculate the intracellular 
content of other tissues, it 


potassium 
IS necessary 
to determine the potassium content of 
then from this value. 
subtract the amount of potassium in the 
extracellular compartment of the tis- 
The latter is calculated on the 
assumption that the extracellular fluid 
compartment comprises’ about 15. to 
207 of the tissue and that the concen- 
tration of potassium in the extracellu 
lar fluid is the that in the 
plasma, but corrected for the Donnan 
effect. Katz° 


320 mg. and Myvers and Mangun*® 352 


the whole tissue 


sue. 


same as 
found a concentration of 


mg. of potassitim per 100 gm. of human 
muscle. This is of the same order of 
magnitude as that recently reported by 
Mudge and Vislockv™®, namely, 82 to 
SS m.Eq. per kg. of fat-free tissue 
These values vield a concentration of 
about 150 to 160 m.Eq per liter of 
intracellular water. 

Porasstum. The nor- 
mal daily potassium intake and excre- 
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tion of an adult is about 3 to 4 gm. or 
75 to 100 Practically the 
entire excretion takes place through the 
urine and feces, although there is evi- 
dence that potassium is also eliminated 


| 
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through the Estimations 
of the however, usually 
based on urine and stool analyses; it is 
found that about 10 to 20% of the potas- 
and the 
These 


perspiration. 
excretions are, 


sium is excreted in the ‘stools, 


remainder in the urine. state- 


ments may be illustrated by reference 
to specific studies. For example, Bas- 
tt 


instance, 


found, in one 
that on an average daily intake 
ot 3.79 gm.., 3.19 gm.; 


of this amount 14% was in the stools. In 


and his associates 


the excretion was 


‘on chem- 
Macy and her 
that, in children 
t to 12 vears of age, the 
excretion ranged from about 90 to 96% 
of the daily intakes, 2.5 to 3.5 gm. The 
shee excretion ranged from 8 to 16% 
of the 
lhere appear to be only a few 
which indicate the minimal intake o 
potassium that is necessary on a com- 
and adequate diet to keep the 
body in balance. Fasting 


their series of classical studies 
cal growth in children, 
co-workers®*® found 


ranging from 


total excretion. 


potassium 


idults who receive water mav excrete 
laily from 30 to 76 m.Eq 1.2 to 3.0 
om of Tarail and 


Elkinton'®® found that the daily loss of 
potassium was of about the same order. 
19 to 53 m.Eq., when a normal indi- 


\ idual 


was on a calorically adequate 
but practically potassium free diet. 
On adequate daily diets containing 99 


to 116 m.Eq. of pot issium per day, 2 


normal individuals showed balances 
ranging from —30 to +13 m.Eq. per 
dav. It would be of value to obtain 


idditional balance data in normal indi- 
viduals at intermediate potassium in- 
takes 
Loss Or INTRACELLULAR POTASSIUM 
in Disease. In 1933, Butler, McKhann, 
ind Gamble® observed that infants who 
had been suffering from severe diar- 
rhea excreted, during the first 24 hours 
ifter being placed on glucose and 
saline, more potassium than could be 
.ccounted for on the basis of tissue 


destruction, as measured by the excre- 
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The losses of intra- 
calculated on the basis 
excretion, were less than 
calculated on the basis of the 
amounts of potassium excreted. These 
findings indicated that potassium and 
water were leaving the cells. 

These findings were established 
again by Darrow'® in 1946. When 
infants with diarrhea were admitted to 
the hospital and placed on parenteral 
fluid therapy consisting of solutions of 
lactate, glucose and of blood. 
there occurred marked negativé potas- 
sium balances. Correction for the 
amount of potassium resulting from 
tissue breakdown showed that potas- 
sium was migrating out of the cells. 
When potassium chloride was added to 
the diet in the next metabolic period, 
a marked positive balance of potassium 
resulted. For example, in one case, the 
potassium balance was —8.43 m.Eq. 
during a 39.5 hour metabolic period on 
the usual parenteral fluid therapy. 
When 2 gm. of potassium chloride were 
given during the next metabolic period 
of 49.5 hours, the potassium balance 
was positive to the extent of 23.1 m.Eq. 
We shall consider presently the other 
significances of this uptake of potas- 
but it may be noted here that 
such uptake was further indication that 
the cells had been depleted of potas- 
slum. 

Darrow’s observations and penetrat- 
ing inferences'®'* have been followed 
by a number of other reports which 
demonstrate the passage of potassium 
cellular membrances in other 
diseases or in marked physiological de- 
rangements. Danowski and his associ- 
ates'® have shown that in familial peri- 
odie paralysis the onset of episodes of 
paralysis is associated with a transfer 
of potassium from the extracellular to 
the intracellular phase, resulting in a 
sharp decrease in the concentration of 
potassium in serum and presumably 
also in the extracellular phase. Elkin- 


tion of nitrogen. 
cellular water, 
of nitrogen 
those 


saline, 


sium, 


across 


im 
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ton, Tarail and Peters** have observed 
that occasionally in patients with renal 
insufficiency and hyperpotassemia, 
potassium may be taken up by the 
cells. It had also been shown that in 
animals, diets low in potassium; 
injections of desoxycorticosterone ace- 
tate-' 


sterone propionate‘ cause a reduction 


estradiol benzoate or testo- 
in the potassium content of muscle. 

In the clinical conditions which we 
mentioned above, the interchanges of 
intracellular potassium were demon- 
strated ‘indirectly by balance studies. 
rhere are, however, a few direct analv- 
ses of the potassium content of muscle 
which support these conclusions. Dar- 
row reported that in babies dying of 
diarrhea the potassium content of mus- 
that of 
normal muscle!’. Mudge and Vislockyv™ 
analyzed biopsy specimens and found 


cle was about 40% less than 


that the contents of potassium in the 
muscle of 3 patients with renal acidosis 
were 74.5, 69.1 and 66.1 m.Eq. per kg. 
of tat-free tissue. In 3 patients with 
alkalosis, the concentrations 
ranged from 51.4 to 85.7 m.Eq. per kg. 
These were lower than the values from 
} normal individuals, namely, 81.9, 87.0 
and 88.0 m.Eq. per kg. 
RELATIONSHIP BETWEEN SODIUM 


gastric 


AND 
POTASSIUM INTERCHANGES. A number of 
investigators have shown that an inter- 
relationship exists between sodium. 
chloride and 


ions. When the muscle potassium in 


potassium, bicarbonate 
rats was decreased by feeding a diet 
low in potassium or by _ injecting 
desoxvcorticosterone acetate, the con- 
intracellular 
the 
tion of bicarbonate in the extracellular 
phase (plasma) rose and that of chlo- 
ride declined. When acidosis was pro- 
duced, the intracellular 


centration sodium 


rose*!. Simultaneously. 


concentra- 


sodium in- 
creased, 

In general, then, serum bicarbonate 
varied directly with the intracellular 
sodium and inversely with the intra- 
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cellular potassium. Fox and Baer*! 
found that when the hind leg of a 


g 
mouse was injured by tourniquet trau- 
ma or by scalding, the injured leg lost 
a considerable amount of potassium 
but the 


opposite uninjured leg lost sodium but 


gained sodium. Conversely, 


gained potassium. The direct analyses 
of Mudge and Vislocky™ on 


muscle show that in acidosis and alka- 


human 
losis the concentration of intracellular 
the 
intracellular potassium decreases. Thus 
the 
sodium ranged from 2 to 14 m.Eq. per 
liter of 
tions from 17 to 40 m.Eq. per liter wer 


sodium rises as concentration otf 


whereas normal concentration of 


intracellular water, concentra 


obtained in acidosis and from 13 to 74 
alkalosis 


The interdepende nce between potas- 


m.Eq. per liter in 


sium, sodium and bicarbonate ions has 
clinically. A 


cited in illus- 


also been observed few 
instances of this may be 
tration. McQuarrie, Johnson and Zieg- 
ler®? reported a case of Cushing's dis- 
ease which had a CO, combining powel! 
LOO. ce. 


concentrations of the 


of 112 vols. pel and a pH of 
7.55 to 7.60. The 
other ions (as read from the author's 
Chart) were as follows per liter: Na 

155 kK 2m Eq.; HCO 12 
m.Eq.; Cl-, 88 m.Eq. In 


stance of 


another in 
Willson 
observed the fol- 


Cushing's disease 
Power and 
lowing ionic concentrations per liter 
Nat, 137 m.Eq. Kt, 2.2 m.Eq.; 
HCO 16 m.Eq.; Cl 78.0 m.Eq. 
Recently, it has been shown that after 
operation, hypopotassemia may occut 
accompanied by an increased concen- 


bicarbonate ion in the 


64.66.83 


tration of 
serum” 

HypoporassEMIA AND HyPpeRPOTAS 
sEMIA. As we have already seen, bal- 
ance studies can yield a fairly precise 
idea concerning the existence of intra- 
cellular potassium deficits. Since only 
about 10 to 20% of excreted potassium 
is found in the stools, determinations 


of urinarv excretion of potassium mav 
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also serve as a valuable, though only 
approximate, guide of undue losses or 
of storage of potassium in the body. 
Hlowever. since the blood is most read- 
ily available for analysis, it is of inter- 
est to determine the extent to which 
the level of potassium in the serum can 
serve as an index of intracellular potas- 
sium deficits. 
\ lowered concentration of serum 
potassium has been found in patients 
diabetic 
in infantile diarrhea*', alkalosis 

ue to intestinal obstruction and vomit- 


trom 


recovermg 


ing’, congenital alkalosis with diarrhea 
in early life'* periodic paralysis? ** 


and in 
It will be 


nephritis*® 
postoperative states’? 


that 


the concentration of serum potassium 


recalled most normal 


range between 4 and 


5 m.Eq. In 
familial periodic paralysis values of 
between 2 and 3 m.Eq. per liter have 
ften been recorded. Logsdon and Me- 


Gavack' 


OW as 


have reported a value of as 
a patient with 
diabetic acidosis who developed respi- 


1.0 m.Eq. in 


ratory paralvsis and died. In renal in- 
sufficieney. the concentration of serum 
potassium mav_ be 
high. Elkinton and his associates? 
that of 


insufficiency 


normal 


either low 


found 96 natients with renal 


had serum potassium 
oncentrations less than 3.5 m.Eq. per 
liter, 23 had 


concentrations between 


> and 64 m.Eq. per liter, and 11 
howed values greater than 6.4 m.Eq. 


ver liter 

The concentration of potassium in 
the serum represents the resultant. of 
introduction 
| potassium into the organism, libera- 


eral processes namely 


on from or storage in the tissues, and 
cretion through the urine or stools. 
there- 
re, that a low concentration of serum 


t does not necessarily follow. 
otassium will be obtained when there 
a low store of intracellular potas- 


ium. In the 6 cases of infantile diar- 


values for 


rhea studied by Darrow'*, the initial 
potassium concentrations were 7.4, 6.7, 
5.0, 5.5, 4.8, and 3.7 m.Eq. per liter. 
Some of these results are high and, as 
will be seen later, may indicate renal 
impairment.Yet these patients had been 
losing potassium, continued to do so 
when placed on saline-glucose therapy. 
and presumably, therefore, had intra- 
cellular potassium deficits. Rapoport 
and 5 found that when 
infantile diarrhea was 
the administration of 
bicarbonate, there 
marked decreases in the concentration 


his associates*® 
the acidosis of 
corrected by 

sodium occurred 
of potassium, as well as calcium and 
phosphorus. Decreases of the potassium 
concentration to between 2 and 3 m.Eq. 
per liter were common and occasion- 
ally values below 2 m.Eq. per liter were 
obtained. Thev interpreted this finding 
to indicate an avid uptake of these 
ions by the previously depleted tissues. 
Although Rapoport and his co-workers 
reported no balance studies, it may be 
appreciated that his interpretations are 
in accord with the observations and 
later established by Dar- 
row. In the extremely rare condition of 
congenital alkalosis with 
Darrow''’, low 


conclusions 


diarrhea 
concentra- 
tions of serum potassium were obtained 
occasionally. The metabolic 
that there was an 
excretion of potassium in the urine and 
stools. and suggested that the initiat- 
ing force for this excretion was the 
driving out of potassium from the cells 
and its replacement by sodium. 


studied by 


results 


showed excessive 


The genesis of hvpopotassemia in 
diabetic acidosis has been investigated 
by Danowski and co-workers". The 
classical studies of Atchley, Loeb, and 
their associates* had shown that dur- 
ing the development of insulin-with- 
drawal acidosis, there was a marked 
diuresis of large amounts of potassium, 
nitrogen. phosphorus and other ele- 
ments. In one case studied by these 
investigators. there was a net loss of 
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355 m.Eq. potassium during a 4 day 
period ot acidosis. This is about 10% 
ot the total store in the body. Danow- 
ski and associates’ found that when 
the conventional therapy of insulin, 
glucose, and saline was administered 
to patients with diabetic acidosis, thoi 
occurred a rather sizable increase in 
fluid volume of the 
body while at the same time potassium 


continued to be 


the extracellular 


from the 
body. For example, in a female diabetic 
weighing 50 kg., 74 m.Eq. of potassium 
were excreted during a 20 hour period 


excreted 


on insulin, saline and glucose therapy 
The extracellular fluid volume increased 
by 4.4 liters or by about 8% of the bod 
weight. The hypopotassemia of post- 
acidotic diabetes may accordingly be 
ascribed in part to a continued loss 
of potassium from the body, and in part 
to a: dilution of the potassium ion as 
a result of the increased extracellular 
fluid volume. 

The extraordinary depletion of potas 
sium which the cells of the bodv under- 
go during the development of diabetic 
acidosis and treatment with parenteral 
fluids devoid of potassium is mani- 
fested by an equally unusual retention 
which occurs when potassium is admin- 
istered to such patients. For example 
in the case quoted above, Danowski 
and associates!® found that the admin- 
istration of 505 m.Eq. of 
during a 47 hour treatment period 
resulted in the retention of 297 m.Eq 
Of this amount. 292 m.Ex. 
posited intracellularv. Howard and 

note an instance in which they 
injected 467 m.Eq. of potassium (35 
gm. KC1) into a patient with diabetic 
acidosis in 18 hours; than 100 
m.Eq. of potassium were found in the 
urine. Tarail and Elkinton'’*? showed 
that. in contrast, normal individuals 
retained onlv 5 to 10% of a dose of 250 
m.Ea. of potassium. 

It has been shown that the glomer 
ular filtration and the renal excretion 


potassium 


were de- 


Carey”® 


less 
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of potassium may be decreased i 
patients with 
Whether the 


potassium in this condition increased 


renal insufficiency 


concentration of serum 
or not depends upon a number of fac 
tors, namely, the intake of potassium 
the extrarenal loss of potassium, the 
decreased renal excretion of potassium 
the change in the volume of the extra 
fluid, and the interchange of 
between the 
and intracellular phases 
that in 


which hyperpotassemia occurs, the fac 


cellular 
extracellular 
Certainly it 


thos cases In 


potassium 


would appear 
tor chiefly responsible is the decreased 


renal excretion of potassium Hyper 
potasse mia of this type does not favor 
intracellular 


studied by 


deposition ot 9 
Elkinton 


on daily intakes ranging from 0 to 30 


Cases 
and associates 
m.Eq., 7 showed losses of intracellulan 
potassium and only 2 showed slight 
The 


creased concentrations of serum potas 


deposition occurrence of de 


sium in patients with renal insufficiency 
chiefly to the fact 
renal excretion § is 


is to be ascribed 
that although the 
decreased, the intake is limited becaus« 
chiefly 


ing potassium, and losses occur through 


of anorexia for foods contain 
the gastrointestinal tract. 

The hypopotassemia in familial peri 
odic paralysis appears to have an en 
tirely different cause from those de- 
well 
this 
condition with accompanying episodes 


scribed above. It is. of course. 


known that hypopotassemia in 


of paralysis in induced by the adminis 
tration of insulin, epinephrine or cal 
bohvdrate*!. Why such stimuli should 
produce the hypopotassemia in patients 
with periodic paralvsis but not in nor 
mal individuals is not well understood 
Danowski 


shown 


and his associates!® have 
that the enisodes of paralysis 
are associated with small transfers of 
potassium from the extracellular to the 
intracellular phase. For example. in | 
natient in whom naralvsis was induced 


hv the administration of a potassium 
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tree carbohydrate diet, the serum 
potassium decreased progressively from 
13 to 2.2 m.kEq. per liter. ‘The intra- 
cellular entrance in several metabolic 
periods of 5 to 24 hours duration 
ranged trom 5 to 20 m.Eq., approxi- 
nately equal to a decrease of about 
m.Eq. per liter in the 15 liter extra- 
cellular fluid volume of the patient. 

It is abundantly evident from the 
few examples which we have given 
that the concentration of potassium in 
the serum may, but does not neces- 
sarily, reflect the stage of depletion or 
repletion of intracellular potassium. To 
illustrate and summarize, the serum 
potassium is not low and indeed may 
be high in the active stage of infantile 
liarrhea where the potassium has left 
ind is still leaving the cells. But in the 
ssue depletion of congenital alkalosis 
with diarrhea, it may occasionally be 


w, and in the postacidotic phase of 
nfantile diarrhea, ingress from the 
‘tracellular fluid to the depleted cells 
ids very frequently to decreased con- 
centrations of serum potassium. The 
hypopotassemia — of the postacidotic 
phase of diabetes mirrors well the 
xtreme cellular depletion in this con- 
lition, but the hvpopotassemia ot 
familial periodic paralysis is due to 
me curious fault whereby some of 


ie extracellular potassium, but enough 
lower the concentration in the serum, 
rather suddenly deposited in the 
tracellular phase. As we have seen, 
he situation in renal impairment. is 
ynewhat more complex. It mav be 
ypreciated that an understanding of 
biochemical mechanism underlving 
relations of serum and intracellular 
tassium in each disease is essential 
the proper therapeutic employment 
notassium. 
CumicaL Symptoms oF POTASSIUM 
Yericrency. As we have seen, the exist- 
ce of a notassium deficiency can be 
certained with considerable precision 
balance studies and biochemical 


analysis of the serum. However, oppor- 
tunities for conducting balance studies 
are available in only a few hospitals. 
The precise che mical determination of 
serum potassium is a painstaking and 
time-consuming procedure, although 
the recent use of the flame photometer 
has facilitated such determinations 
greatly. It is, therefore, necessary in 
many instances to judge the existence 
of a potassium deficiency on the basis 
of history and clinical symptom: itology. 
In the earlier stages of potassium 
deficiency, the patient shows a loss of 
strength and energy and is listless". 
Many of the patie nts are unable to eat 
adequi ite amounts of food. This symp- 
tomatology is obviously common to a 
reat many conditions and diseases. 
The manifestations of marked potas- 
sium deficiency are more distinctive™ 
Weakness of the extremities becomes 
marked; flaccid paralysis, sometimes of 
the ascending or Landry's type, may 
then ensue. There is rarely any involve- 
ment of the trunk or cranial nerves. 
Weakness of the respiratory muscles is 
. The breathing 
hecomes rapid and the 
symptoms of gasping for air, namely, 


a grave symptom® 


use of accessory. muscles, retrac- 
tion of head and neck, dilatation of 
alae nasi with each respiration, and 
“fish mouth” type of breathing become 
evident. There is verv little movement 
of the chest wall and diaphragm. In 
the absence of prompt potassium ther- 
apv, respiratory paralysis and death 
mav ensue. 

The changes in the electrocardio- 
gram associated with abnormalities of 
the concentration of serum potassium 
have received considerable attention*®: 
57,98,101,102,110,111| Winkler, Hoff and 
Smith!" found the following changes 
upon the intravenous infusion of iso- 
tonic potassium chloride into dogs: in- 
crease in the amplitude of the T wave 
at serum potassium concentrations 
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ranging from 5.0 to 7.8 m.Eq. per liter, 
depression of the $-T segment at 5 to 
10 m.Eq. per liter, intraventricular 
block at about 10 m.Eq. per liter, dis- 
appearance of the P wave at 9 to 11 
m Eq and cardiac arrest at 14 to 16 
m.Eq. per liter. The changes in man 
parallel, in general, those found in 
animals. As the serum potassium rises, 
there is first an increase in the ampli- 
tude of the T wave; then a decrease 
in the amplitude of the R wave with 
an increase in the amplitude of the 
S wave. At higher concentrations, there 
is a disappearance of the P wave, a 
depression of the RS-T segment and 
a widening of the QRS complex. There 
is incomplete accord, however, with 
regards to the concentrations of serum 
potassium at which these changes 
occur. Winkler, Hoff and Smith'!! as 
well as found that in 
patients with uremia and concentra- 
tions of serum potassium ranging from 
6.8 to 8.3 m.Eq. per liter, the most 
characteristic changes wer peaked 
waves and an increase in the duration 
of the QRS complex. Finch and _ his 
co-workers*® observed disappearance of 
P wave at between 9 and 9.5 m.Eq. per 
liter and spread of QRS complex at 
between 9.5 and 10.5 m.Eq. per liter. 
Stewart and his associates’ reported 2 
cases with concentrations of 10.3 and 
10.6 m.Eq. per liter in whom there 
was disappearance of the P waves and 
widening of the QRS complexes. 

In hypopotassemia, the sequence of 
electrocardiographic changes is as fol- 
lows. With moderate decreases, the T 
wave becomes slightly lower but 
broader, so that the Q-T interval as a 
whole is lengthened. As the serum 
potassium concentration is decreased 
further, there is first a lowering or 
inversion of the T wave and then a 
sagging of the ST segment. With very 
low levels of potassium (1.5 m.Eq. per 
liter or less), there is a slow, staircase- 
like rise to a low late T wave". 
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It must be emphasized that the rela 
tionship between the level of potassium 
and the electrocardiographic changes is 
only approximate. kor example, in a 
series of patients with diabetic acidosis 
Martin and Wertman‘ 
at normal serum potassium levels 

1.2— 5.8 m.Eq. per liter 


a normal amplitude of T waves. 12 a 


' observed that 
l4 showed 


decreased amplitude, and 1 a verv low 
T wave. At serum potassium levels less 
than 4.2 m.Eq. per liter, 1 showed a 
normal amplitude of To waves. 1 a 
decreased amplitude and 9 a verv low 
amplitude. In a similar series, Nadle1 
and his associates” observed an 
approximate but a statistically signifi 
cant correlation between the prolonga 
tion of the Q-T interval and_ the 
decrease in the serum potassium. How 
ever, a_ significant correlation could 
also be shown to exist between the 
height of the T wave and the pl of 
the serum 

It is apparent that the proper use 
of electrocardiographic changes as an 
aid in the diagnosis of hypopotassemia 
or hyperpotassemia must take into 
account similar changes which may 
occur in other cardiac conditions 

We may briefly review the chief fea 
tures necessarv for making a diagnosis 
of potassium deficiency and for insti 
tuting potassium therapy. These are 
a), an awareness of the various con- 
ditions and diseases likely to be asso 
ciated with this deficiency; (b), the 
presence of muscular weakness and 
paralysis, particularly those of the 
respiratory muscles; (c), characteristic 
electrocardiographic changes; (d), the 
concentration of the serum potassium 

Treatment of Potassium Deficiency 
in Infantile Diarrhea. As a consequence 
of Darrow’s*? demonstration that infan 
tile diarrhea was characterized by a 
loss of intracellular potassium and 
that this loss continued during the 
institution of the conventional saline- 
glucose therapy he introduced a pro 
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cedure which included the use of 


potassium chloride. Upon admission, 
the infant received an intravenous 
myection of whole blood or plasma 
10 to 20 ce. per kg. of body weight ); 
food and water by mouth was stopped. 
\n intravenous infusion or subcuta- 
cous injection of a potassium chloride- 
odium lactate solution was then 
started. The composition of this solu- 
tion, per liter, was as tollows: 35 
nM; Na 122 mM; Cl-, 104 mM; 
ictate, 53 mM. This mixture could be 
ide conveniently by adding 2 gm. of 
KC] and 3 gm. NaCl to 250 cc. of 
\1/6 sodium lactate and 500 cc. of 
vater. A dose of 8O to 150 cc. of this 
olution per kg. of body weight was 
siven during the first 24 hours. In 
iddition, a 5% solution of glucose was 
riven intravenously so as to make a 
total water intake of 150 to 280 cc. per 
kg. of body weight. After the first day, 
nd as long as the stools remained 
vatery, 20 to 50 ce. of the potassium 
hloride mixture were given per kg. 
body weight and enough 5% glucose 
make a total water intake of 150 to 
00 cc. per kg. of body weight. Vitamin 
4; complex and crude liver extract were 
so administered. Feeding was started 
nd regulated in accordance with the 
rogress oft the patient. 
It mav be seen from the above that 
ring the first day about 2.8 to 5.3 
Eq. (about 0.2 to 0.4 gm. of KC1) 
ere introduced per kg. of body 
ight In his previous balance 
idies, Darrow'* had observed that 
average daily losses of potassium 
the conventional glucose-saline 
rapy was about 1 to 1.5 m.Eq. per 
In contrast, 2 infants who were 
ced on potassium therapy initially 
wed positive potassium balances of 
nd 8 m.Eq. per kg. of body weight 
ring 4 davs and 3.5 days of therapy. 
se results indicated intracellular 
osition of potassium. 
it may be readily appreciated that 


Darrows studies show a convincing 
biochemical and physiological justifica- 
tion for the use of potassium chloride 
therapy in infantile diarrhea. the ques- 
tion arises concerning the extent to 
which clinical results reflect — this 
rational formulation. Prior to about 
1920, it was generally thought that 
severe infantile diarrhea or, as it is 
also termed, intestinal intoxication, was 
a highly fatal condition with a mor- 
tality ranging from 80 to 90%. In 1926, 
Powers™ reviewed 64 cases which had 
been treated in New Haven Hospital 
from 1922 to 1925. Nine had been 
admitted in extremis or had their treat- 
ment interrupted by being taken out of 
the hospital. Of 19 who received no 
systematic treatment, 14 (70%) died. 
Thirty-six patients were submitted to a 
systematic regime which consisted of: 
(a), withdrawal of all food by mouth; 
(b), blood transfusions; (c), admin- 
istration of sodium bicarbonate; and 
(d), intraperitonal, subcutaneous and 
intravenous injection of Ringer's solu- 
tion. Feeding was initiated only when 
toxic symptoms had abated or dis- 
appeared, began with very small 
amounts and was increased gradually 
in accordance with the clinical status 
of the patient, until the total caloric 
requirement was reached in a week or 
10 days. On this regime, 12 of the 36 
patients (33%) died. In 1933, Karelitz 
and Schick** submitted a plan of 
treatment which stressed (a), a more 
radical and longer than usual rest for 
the gastrointestinal tract, and (b), the 
intravenous drip infusion of a glucose- 
saline or glucose-Ringer solution. The 
mortality in 53 cases treated by this 
method was 6 (12%). The average mor- 
tality for the preceding 10 vears at 
the same hosnital had been 64%. Camp- 
bell and Cunningham™ reviewed 574 
cases of non-svecific infantile diarrhea. 
Parenteral fluid therapv consisted 
usually of subcutaneous administration 
of normal saline. In severely ill patients. 
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576 
the fluids were also adiinistered 
intravenously or intraperitoneaily. Ot 
the 574 cases, 203 were deaydrated 
upon admission; the morcaucy rate in 
these was 53.7%. In une Zvi W hich were 
not dehydrated, the mortaticy rate was 
only 2.4%. ihe overail morcality rave 
Smellie’? studied 500 cases 
which had been admitted to the Birm- 
ingham Children’s Hospital (England ) 
for several years prior to 193y. ‘Lhe 
therapeutic regime consisted of suv- 
cutaneous 


was 27.7%. 


injections of saline, intra- 
venous injections of normal saline, glu 
cose or blood, and withdrawal of tood 
tor the first 12 to 24 hours. The overai!| 
mortality was 240 (48%). However, 
when the whole group was subdivided 
into those who developed parenteral 
infection after admission to the hos- 
pital, those who had such infection at 
the time of admission, and those who 
never had any parenteral infection, 
the mortality rates were 78.8, 56.3 and 
11.3%, respectively 

Much lower mortality rates have 
recently been reported. L. F. Meyer? 
has found that the use of sulfonamide 
drugs has decreased the mortality rate 
in Tel-Aviv from 50% before 1940 to 
7% in recent years. During 1944 and 
1945, Weihl, Rapoport and Dodd! 
treated 292 infants and children with 
acute diarrhea. The therapeutic regime 
consisted of 


continuous intravenous 


infusion of saline, glucose, plasma, 
blood, and sodium bicarbonate if the 
carbon-dioxide combining power was 
less than 30 vols. %. Sulfonamides were 
also administered and feedings were 
gradually initiated in accordance with 
the status of the patients. The patients’ 
illness ranged from “mild” to “very 
severe”; about 40% fell into the group 
of “severely ill” and “very severely ill”. 
Of the 292 patients, 22 (7.5%) died. Of 
these patients, 3 died within 3 hours 
after admission before adequate ther- 
anv had been instituted. Three other 
patients died of other causes after the 
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diarrhea subsided. It these 6 patients 
are excluded, the moitality was 16 o1 
286 patients (5.6% ) 

It is apparent from the considera 
tions and the data which we have 
presented that, without considering 101 
the moment the therapeuuc use o. 
potassium salts, the mortality rate in 
infantile diarrhea is dependent upon 
a number of factors. These are the 
state of dehydration and general con 
dition of the infant upon admission 
the presence, development and contro] 
of parenteral infection,. the adequate 
parenteral administration of saline, glu 
cose, blood, and lactate or bicarbonate 
and the judicious initiation and regu 
lation of oral feeding. The available 
that 


the general rate of mortality may be 


4.07 106 


literature! indicates 


about 20%, but that in certain hospitals 
fall below 10%, and, as 
in the case of Weihl’s report, as low 


the rate may 


as 5 6%. 
the considerations 


therapeutic use of 


In view of just 
presented, the 
potassium chloride by Govan and Dar 
row?? can now be evaluated more 
precisely. During the months of June, 
July and August, a control group of 
babies with diarrhea was treated at the 
Harriet Home in Baltimore by 
the conventional methods. Only those 
admitted who 


ill and who, it was thought, 


Lane 


babies were were 
severely 
would not recover unless they received 
hospital There were 59 
babies in this control group but in 6 
of these, death with 
sepsis or prematurity; in this group 
there were 17 other deaths. The cor- 
rected mortality in this control group 


treatment. 


was associated 


which did not receive potassium was 
17 of 53 (32%). During the months 
of September to November, 52 


described 


cases 
received, as previously 
Aids and feedings containing potas 
cium chloride. It was believed that th 
patients in this group had, in general 
the same distribution of severity of ill 
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as the control group. Ot these 

patients, there were 5 deaths. Gue 
leath was associated with sepsis and 
uother with prematurity. the cor- 
rected mortality was, therefore, 3 out 
tf 50 (6%). On the basis that the con- 
trol and potassium-treated groups were 
strictly comparable, — the 
between the mortality rates of the 2 
vroups is highly significant and attests 
tothe efficacy of the 
therapy. 


potassium 
have 
recommended the therapeutic use of 
i. solution which contains 2.24 gm. of 
sodium lactate, 0.58 gm. of sodium 
chloride, 0.89 gm. of potassium chloride 


Butler and his associates?! 


ind 0.25 gm. of potassium mono- 
hydrogen phosphate per liter of 104% 
dextrose. In terms of m.Eq. the con- 
entrations per liter, are as follows: 
sodium, 30 m.Eq.; chloride, 22 m.Eq.; 
phosphate, 3 
n.Eq. Forty infants with persistent 


potassium, 15 m.Eq.; 


nfectious diarrhea were given about 
150 to 200 ce. of this solution per kg. 
{ body weight per day together with 
10 to 100 ce. of saline: frequent trans- 
fusions of plasma and blood were also 
dministered. None of these 40 infants 
ed. It will be noted that the solution 
commended by Butler was much 
iore hypotonic with resnect to sodium 
nd chloride ions than that recom- 
ended by Darrow which contained 
22 m.Ea. and 104 m.Ea. per liter 
these 2 ions, respectively. 
Treatment of Potassium Deficiency 
the Postacidotic Phase of Diabetes. 
hen Holler®? surmised that the res- 
ratory paralvsis which he was observ- 
in a diabetic during the post- 
idotic phase of treatment might be 
e to a potassium deficiency, he drew 
od for determination of serum 
tassium, then iniected 15 gm. of 
tassinm chloride in a 2% solution dur- 
r the course of 35 minutes. The 
rum hefore treatment subse- 
ently found to have a potassium con- 


centration of 2.5 m.kEq. per liter. Within 
20 minutes after the end ot injecuon, 
the patient showed dramatic improve- 
ment, and her respirations became 
normal. Additional potassium chloride 
was administered subcutaneously and 
orally during the next 2 hours to pre- 
vent recurrence of respiratory distress; 
the total amount given was equivalent 
to 8.7 gm. of potassium chloride. The 
patient experienced no further diffi- 
culty during her stay in the hospital. 
Her serum potassium and her electro- 
cardiographic pattern were restored to 
normal. 

Although there have been no reports 
concerning potassium therapy in large 
groups of patients in the postacidotic 
phase of diabetes, there have appeared 
a number of case studies, similar to 
that reported by Holler®?, which dem- 
onstrate rather convincingly that such 
therapy has been effective in counter- 
acting the symptoms of potassium 
deficiency and averting the possibility 
of a fatal outcome. Such are the cases 
reported by Nicholson and Branning*®, 
Frenkel and co-workers**, and Tuyn- 
man and Wilhelm, and 
Carey** have stated that potassium 
therapy in this condition is character- 
ized, not only by the prevention of 
potassium deficiencies, but also by the 
absence of edema and hypoproteinemia 
and a quicker recovery to fitness and 
regulation by insulin. 

The following doses and modes of 
administration have been found effec- 
tive in relieving acute potassium 
deficiency of the postacidotic phase 
of diabetes: intravenous iniection of 
1.5 gm. of potassium chloride in a 2% 
solution during 35 minutes, followed 
bv a subcutaneous infusion of a 200 
cc. of a 2% solution of potassium 
chloride in 2 hours, and oral ingestion 
of 4 gm. of potassium citrate®?: 0.6 gm. 
of notassium chloride by month every 
holf hovr until 3.6 em. been 
given®?; 4 gm. of potassium chloride. 
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divided into 2 equal doses, by mouth*"; 
0.3 gm. potassium chloride by mouth 
at + hour intervals tor 6 doses!"*, 
We may see, then, that in general, 
between 2 and 4 gm. of 


potassium 
chloride 


found effective. 
This corresponds to between 30 to 60 


have been 
m.Eq. of potassium. It will be recalled, 
however, that the loss of potassium 
during the development ot diabetic 
acidosis and treatment by saline-glu- 
cose solutions may be as much as 300 
to 400 m.Eq. It follows, then, that 
where the diabetic acidosis has been 
very severe or prolonged, as in Holler’s 
case, larger doses, up to about 8 or 
10 gm. (100 to 125 m.Eq. ) of potassium 
chloride may be used during the first 
day of therapy, and may be continued 
if the symptoms of hypopotassemia do 
not abate. In administering such solu- 
tions parenterally it is necessary, in 
this as well as in other conditions, to 
regulate the rate of introduction so as 
to avoid toxic levels of potassium ion 
Howard and Careyv™ 
suggest that the serum reaching the 


in the serum. 


heart must not contain more than 7 
m.Eq. potassium per liter. This will 
usually be accomplished if solutions 
10 to 90 m. Eq. 
1 to 2 gm.) per liter are infused at 


containing between 


rates ranging between 8 and 12 ce 
120 to 180 drops) per minute. The 
problem of potassium toxicitv will be 
later. 
Treatment of Potassium Deficiency 
in Familial Periodic Paralysis. We have 
seen that the hypopotassemia in this 


discussed more fully 


condition is not due to an intracellular 
deficiency, but rather to 
some factor which causes a shift of 
potassium from the extracellular to the 
intracellular compartment. There have 
been no systematic studies to determine 
the minimal amount of potassium nec- 
counteract the  hvno-. 
potassemia. In general. substantial but 
non-toxic amounts of 
chloride or citrate have been given and 


potassium 


essary to 


notassium 
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tound eflective. Thus Herrington 
treated 2 cases by administering orally 
9 gm. of potassium citrate whenevet 
prodromal symptoms of muscle weak 
evident 
noted that 


the administration of 5 to 10 gm. of 


hess and Soreness became 


Pudenz and his associates™ 
an aqueous solution — of potassium 
chloride counteracted paralytic symp 
toms within 30 minutes to | hour and 
enabled the patient to walk 2 hours 
after administration. The concentration 
ot serum potassium rose trom lO mg 
to 24 mg. per 100 c 


2.5 to 6 m 
per liter 

Oral administration of 2 to 10 gm. of 
potassium chloride is adequate in most 
instances in abolishing episodes of 
paralysis and in preventing seizures™ 
However, there are some situations in 
which parenteral administration is nec 
essary. For 


example the patient 


reported by Pudenz and his associates™ 
suffered a paralytic attack in which he 
became unconscious and required arti 
ficial respiration. The intravenous injec 
tion of 1 gm. of potassium chloride 
striking 
within 20 minutes; the patient sat up 


produced a improvement 


and was able to converse. 
DEFI 
ciency. A number of observations have 


POSTOPERATIVI POTASSIUM 
recently been made to the effect that 
hypopotassemia may develop postoper 
atively in patients who are given only 
saline, glucose and amino acids®*:*4-* 
An idea’ of the therapeutic pro 
cedure in this condition mav be gath 


ered from the recent work of Howar 
and Carey \ chronically ill patient 
was found, 17 days after operation 
to be extremely asthenic, with shallow 
respirations barely obtainabl 
peripheral reflexes. The serum potas 
sium was 1.8 m.Eq. per liter. Amount 
of potassium ranging from 54 to 13 
m.Eq. (4 to 10 gm. of 


given for th 


potassiur 
chloride) per dav were 
next 8 davs. The 


potassium in the serum rose. slow!l 


concentration 
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intil it attained a value of 3.2 m.Kx 
r liter on the seventh day of ther: apy 
ie there was a dramatic improve- 
ient in the clinical condition ot the 
vatient; he felt stronger, appeared 
iore alert and the reflexes were now 
‘adily elicited. Two days later the 
erum potassium had risen to 4.1 m. Eq. 
r liter and the electrolyte pattern of 
i serum had been restored to — 
In this case a total of 991 m.Eq. 
otassium (75 gm. of 
hloride ) had been administered. 
Porassium Toxicrry. A knowledge of 
the circumstances under which potas- 
um may become toxic is necessary in 
rder to withhold its administration 
hen contraindicated or to avoid over- 
losage when such administration may 
ordinarily be employed. The reader will 


all the electrocardiogr: aphic results : 


hich Winkler, Hoff and Smith! 
btained upon infusion of isotonic 


12%) potassium chloride into dogs. 
Cardiae arrest and death occurred 
erum potassium concentration of 14 


16 m.Eq. per liter. This range of 
neentrations was obtained when the 
lution of potassium chloride was 
fused at a rate of 0.4— 0.8 cc. per 

per kg. for about 40 minutes and 
na total of 0.2 to 0.3 gm. of KCl 
to 4 m.Eq.) per kg. had been given. 
1uch smaller amount, 0.05 gm. or 
m.Eq. per kg. produces death 

t is introduced rapidly enough so 

a serum concentration of about 
n.Eq. per liter is produced. On 
t ther hand, Winkler and Smith" 

ed that when doses of 0.2 to 0.3 
} to 4 m.Eq.) of potassium chloride 
infused into dogs at a sufficiently 
rate, the concentration of potas- 

in the serum rose only about 2 

m.Eq. and no grave symptoms 

d. Calculation from this rise and 
excretion of potassium indicated 
t] considerable amounts had been 
( sited intracellularly. 

would appear from these experi- 


ments that the determining factor in 
toxicity and death as a resuit of admin- 
istration of potassium salts is the con- 
centration of potassium ion in the 
plasma and extracellular fluid. A rapid 
injection of small amount can prove 
fatal whereas a_ slow injection or 
the ingestion of a large amount can 
be innocuous. The question arises 
whether these relationships also obtain 
in man. 

Large amounts of potassium salts 
can be taken by mouth with the pro- 
duction of only minor toxic symptoms. 

Talbott and Schwab’? record the 
ingestion of 30 to 36 gm. of potassium 
chloride daily in 3 equal doses without 
any apparent ill-effects. Keith and his 
co-workers®****° showed that the 
ingestion of potassium chloride or 
bicarbonate by normal individuals in 
doses ranging from 9.5 to 17.5 gm. (126 
to 172 m.Eq.) led to paresthesias of 
the hands and feet, and increases in 
the amplitude of the T wave. The 
concentration of potassium in the 
serum rose from a normal value of 
about 16 to 20 mg. per 100 cc. to a 
level of about 30 mg. per 100 cc. or 
7.5 m.Eq. per liter. The ingestion of 
smaller doses, 5 gm. of potassium 
bicarbonate (50 m.Eq.) by normal 
individuals, did not lead to any 
paresthesias, to only slightly de tectible 
changes in the electrocardiogram and 
to only small increases in the concen- 
trations of potassium. The increases 
were about 2 to 4 mg. per 100 cc. or 
0.5 to 1.0 m.Eq. per liter. 

It has already been pointed out that 
on the basis of experimental work 
dogs, the lethality of potassium 
appears to be dependent on the con- 
centration of the serum potassium; this 
fatal level in normal dogs is about 
15 m.Eq. per liter or 60 mg. per 100 
ce. It is obviously difficult to obtain 
comparable data in normal man. In 
the course of treating an infant with 
diarrhea by the subcutaneous in- 
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jection a solution containing 


potassium chloride Govan and 


We iseth? 


of potassium toxicity Lh 


observed the development 

infant 
vived although a level of 12.3 m.Eq. 
pel liter (49 LOO ce. of 
potassium was attained. Howard and 
Carey 


sur- 
mg. per 


record an experience in which 


considerable amount of a_ solution 
of potassium salt was injected within 
1 tew minutes into a patient who 
clearly had hypopotassemia. Although 
no determination for serum potassium 
Was done, the cardioscope showed an 
ibrupt change from a low to a high 
potassium pattern. The patient died 
before the injection could be stopped 
This case illustrates the necessity for 


introducing potassium salts paren- 
terally at such a rate as not to exceed 

concentration in the which 
to the heart. 


It has been possible to obtain a 


serum 
1S toxic 
more precise idea of the toxicitv of 
potassium in renal 
impairment. The following data show 


patients with 

that the lethal level of serum potassium 

in such patients is about 10 m.Eqa. 

per liter. Marchand Finch™ 
9) 


reported 2 cases of spontaneous potas- 


and 


with 
uremia; no potassium other than that 
in the blood 
had given. It 
follow the electrocardiographic changes 


sium intoxication patients 


food or in transfusions 
been was possible to 
and the concentrations of potassium 
in the period immediately preceding 
death. In one patient in whom the 
N.P.N. had ranged from 155 to 208 
100 ec.. the concentration of 
potassium was 9.2 m.Eq per liter 20 
minutes before death and 9.8 mEa. 
per liter in blood taken from the heart 
immediatelv after death. In a second 
patient with an N.P.N. of 258 mg. per 
100 ec., the concentration of notassium 


mg. per 


was 9.2 m.Ea. per liter 3 and % hours 
before death and 10.1 m.Eqa. at death. 
Stewart. Shephard and Horger®® also 
reported an instance of spontaneous 
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development of potassium intoxication 
death in the 


nephrotic stage of 


and course ot thi 


subacute glome1 
ulonephritis; the concentration ot potas 
per liter at th 


time that the electrocardiogram showed 


sium was 10.6 m Eq 


auricular standstill and intraventriculai 
block. It will be 


Im some 


shown presently that 


studies in which potassium 
salts were fed to patients with renal 
serum levels 
approaching those 
without — the 
developm« nt. of grave toxicity 

this 


clinical symptoms o 


impairment potassium 


just recorded were 
obtained accompanying 
It may be of interest at 
to desc ribe the 
hyperpotassemia potassium tor 


city Wi noted — th 


cardiac findings, particularly as evi 


and 
have already 


denced in the —_electrocardiogram 
Keith 
that 


developed when the concentration o! 


and his co-workers observe 


paresthesias of the extremiti 


the potassium in the serum approx 


mated 7.5 m Eq. per liter. This held 


for normal individuals as well as thos 


with renal insufficiency. Finch, Sawv: 
and Flynn*® found that flaccid paralys 
mav also be present at higher, nea 
lethal levels of potassium in the serur 
Such paralysis may involve the extre1 
ities and, to a lesser degree, the trun 
The susceptibility of patients wit 
renal impairment to hyperpotassem 
and potassium toxicity is, quite ob) 
excretion 


ously. due to dec reased 


potassium. However, such patients m 
have a tissue potassium deficiency. It 
of considerable importance from 
therapeutic point of view. to know 
what they 
sium. Gre: ne and his associ ites?” fou 
that 
notassium chloride 


lb. of body 


extent mav receive potas 


0.26 m.Eq 


weight by a patient wit 


the ingestion of 19 mg yf 


chronic glomerular nephritis increase 


the concentration of serum potassi 
to 44 mg. per 100 cc. 
liter): no statement 

cerning the development 


was made con 


of toxic 


(11 m.Eq. per 
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this Observation is not in agreement 
vith those of Marchand ana Finch®! 
ind of stewart, Shepard and Horger*® 
vhich indicate that 10 m. fq. per liter 
a lethal level. Winkler ana his co- 
orkers!'! administered orat doses ot 
tassium ranging trom 67 to 134 m.Kq. 
» to LO gm. ot KC1) to 5 patients with 
ial impairment. The concentrations 
serum potassium increased in each 
{ these patients; the maximal levels 
inged trom 6.3 to 8.0 m.Eq. per liter. 
\lthough similar doses did not produce 
v higher levels of serum potassium 
normal individuals, the decrease to 
ingestion levels was much more 
laved in the nephritic than in the 
rmal. No symptoms of toxicity attrib- 
table to potassium were observed by 
Vinkler and his associates in the 
tients with renal impairment. 
Keith and Osterberg™’ have, how- 
r, obtained some toxic effects with 
newhat smaller doses of orally 
ministered potassium. Ten patients 
th severe renal insufficiency received 
gm. of potassium bicarbonate (50 
gq. of potassium). One of these 
tients had a blood urea of 74 mg. 
100 ce. In 9 of these patients, the 
entrations of potassium before 
‘tion of potassium bicarbonate 
ed from 21.9 to 25.4 mg. per 100 
5.6 to 7.3 m.Eq. per liter). One 
i half hours after ingestion, the 
entrations in these patients had 
ised in each case and ranged from 
to 37.1 mg. per 100 ce. (6.0 to 
n.Eq. per liter). Paresthesias of 
<tremities occurred in 4 of the 
nts; the serum potassium in these 
ces ranged from 31.1 to 35.8 mg. 
00 ce. (8.0 to 9.2 m.Eq. per liter). 
6 patients in whom paresthesias 
ot develop, the serum potassium 
tion ranged from 19.9 to 37.1 mg. 
00 ce. (5.1 to 9.5 m.Eq. per liter). 
trocardiographic studies of these 
nts showed a definite toxic effect 
he heart, namely, intraventricular 


block, in only 1 case; the concentration 
Of serum potassium in this pacicut was 
37.1 mg. per 100 ce. (Y.0 m.thq. pel 
liter). 

the studies which we have revieweu 
would indicate that the administration 
of potassium to patients with renal 
insufficiency should be a very guarded 
procedure. Although potassium intoxi- 
cation may occur spontaneously, the 
work of Keith and Osterberg*’’’, oi 
Greene*’, and of Winkler'!! indicates 
that small amounts of potassium, about 
50 m.Eq. (3.7 gm. of KCL) may be 
given by mouth without serious danger 
to some patients with renal insuffi- 
ciency. Although, therefore, the admin- 
istration of potassium with renal dam- 
age is in general contraindicated, it 
would seem that when there is real 
evidence of potassium deficiency in 
such a patient, the cautious adminis- 
tration, under proper clinical super- 
vision and with proper laboratory 
guides, of small amounts of potassium 
by mouth is to be considered. Even 
the intravenous infusion at very slow 
rates is not out of the question. How- 
ever, this field of therapy will be 
greatly aided by further investigations 
concerning the tolerance to, and cel- 
lular storage of potassium in patients 
with renal insufficiency. 

Ammonium Chloride. Ammonium 
chloride has a number of therapeutic 
uses. It is, however, with its application 
in the treatment of alkalosis that we 
are here particularly concerned. 

AcwwiFYING ACTION OF AMMONIUM 
Cuiorwe. The production of acidosis 
in man by ammonium chloride was 
first demonstrated by Haldane**. After 
ingesting amounts ranging from 5 to 
55 gm., either in one or several doses, 
Haldane observed that this compound 
decreased the alveolar carbon dioxide 
pressure and the carbon dioxide capac- 
itv of the blood. Respiration increased 
in depth and frequency and, in one 
experiment, the volume breathed per 


+} 
ti 
i¢ 
\ 
\ 
( 
ul 
1) | 
It 
cS 
| 
| 
Xl 


PROGRESS OF Ml 


S.mul- 
excreuioh ol 


nunutie at rest increased 70% 


taneously, the urinary 
titratable acid and ammonia rose. tial 
dane assumed, although he did not 
demonstrate, that the 


urea Was increased. his, however, has 


formation ot 


been observed by subsequent investi- 
gators. The acidifying action of am- 
monium chloride has been confirmed 
by many investigators and the mech- 
anisms of the body's reaction to the 
ingestion of this compound and other 
acid substances has been 
great 

Haldane postulated that the am- 
monium chloride was metabolized to 
urea and hydrochloric acid according 


studied in 


to the following reaction: 
2NH,Cl + CO, CO (NH, 
H.O 2HC]I 

This may be regarded as an overall 
reaction. It has been established that 
the liver is the physiologically impor- 
tant site of the conversion of ammonia 
into urea‘. The way in which ammonia 
is incorporated in the course of meta- 
bolic processes to form arginine, the 
immediate precursor of urea, has been 
considered in great detail by Krebs and 
Henseleit®?, Cohen and Havano"s, Bor- 
sook and Dubnoff*, and, most recently 
by Ratner and Pappas**. It may be 
expected that parenterally administered 
ammonium chloride will have 
tially the same metabolic fate. In the 
course of a study of the intravenous 
injection of hypertonic solutions of 
chlorides, Whelan! 
that 0.1 gm. ammonium chloride per 
kg. of body weight could be injected 
per minute without toxic effect. This 
dose caused a decrease in the pH of 
the urine and an increase in the excre- 
tion of urea. 

The effect of the 
ammonium chloride into the body on 
the acid-base regulating mechanisms 
mav be described briefly. The alveolar 
ventilation is increased and, accord- 
ingly. the alveolar carbon dioxide pres- 


essen- 


various found 


introduction of 
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sure is decreased. For example, in a 
subject studied by Sartorius, Koemmelt 
Pitts’’, the 
decreased from a normal level of 41. 


and alveolar pressurt 
mm. Hg. to one of 23.9 mm. after the 
ingestion of 40 gm. of ammoniun 
chloride over a period of 3 days. Thi 
was indicative of an increase of 70% in 
Gamble 


* showed that, in respons« 


alveolar ventilation. and hi 
co-workers 
to continued administration of ammo 
nium chloride, there is first an increas: 
in titratable acid and fixed base but 
that later 


progressively 


ammonia is substituted ii 
amounts fo! 
Pitts and hi 
studied the 


relationship ot electrolyte pattern t 


increasing 
fixed base in the urine 
associates” have recently 
renal function in ammonium chlorid 
acidosis produced by feeding 10 to 15 
gm. over a period of several days. The 
observed that the plasma bicarbonat: 
fell in exact proportion to the increas 
in plasma chloride. Since the load « 
bicarbonate presented to the tubules 
was decreased, the reabsorption of 
However, this it 


chloride Wicre ased. 


crease was not large enough to prevent 


net loss of chloride in the urin 
Farly in 
chloride neutralized mostly by 
sodium from the body buffers. The loss 


of sodium was reflected in a decrease 


acidosis, the excess urinar 


Was 


of the concentration of sodium in the 
nlacma. of water from. the 
body was derived chiefly from the 
extracellular fluid compartment. O! 
particular interest findings 
obtained within 2 hours after the in- 
gestion of 10 gm. of ammonium chlo- 
The 
well as that of titratable acid. increased 

Treatment of Alkalosis. Bothe™ ap 
pears to have been the first to use 
ammonium chloride by mouth in the 
treatment of alkalosis occurring either 
preoperatively or postoperatively. How: 


The loss 
were the 
ammonia, as 


ride. excretion of 


were men- 
of 


ever. no. svecific doses 
tioned. Chalmers'* tréated 2 case 


alkalosis due to. severe intestina 
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ybstrucuon trom tubercu- 
osis by administering per rectum 12 
mm. of ammonium chloride dissolved 


to 6 Ounces Ot Water. 


abdoniunal 


the use of parenteral ammonium 


hloride therapy for treatment of 
lkalosis was initiated by Zintel, 
Rhoads and Ravdin'!". They found 


that the decrease in the serum carbon 


ioxide in a 150 Ib. adult ranged from 


6 to 1.5 and averaged 1.1 vols. @ per 
n. of ammonium chloride injected 
itravenously. Accordingly, they rec- 
nmended a dose of 16 mg. per kg. of 
ody weight in order to reduce the 
erum carbon dioxide content by 1 vol. 
solutions of ammonium chlo- 
le in water, glucose or saline were 
ployed. For example, in one patient 
th chronic peptic ulcer and stenosis, 
e infusion of 700 cc. of a 2% solution 
creased the carbon dioxide content 
mm 118 to 85 vols. &. 
lhe effect of parenteral administra- 
n of ammonium chloride in the treat- 
nt of alkalosis of congenital hyper- 
phic pyloric stenosis in infants has 
and 
ranian®, The previous treatment of 
condition consisted in parenteral 


demonstrated bv Forbes 


dextrose and saline 
actate-Ringer. It was thought that 
ufficient water and electrolyte were 
an, a satisfactory correction of the 
losis would be attained through 
il activity. such an 
stment usually required 1 to 2 days 
might not be accomplished in 
s of very severe alkalosis. Indeed 
es and Erganian refer to the occur- 
e of death in several infants before 
could be prepared for operation. 
toward a normal elec- 

te pattern and acid-base equili- 
n was achieved much more ranidls 
ie intravenous infusion of a 1/6th 
ir solution of ammonium chloride 

gm. per liter) in isotonic saline or 
fers solution. The doses ranged 
10 to 37 cc. per kg. of body 


iinistration of 


However. 


| } 


storation 


+} 


weight and were administered during 
the course of 30 minutes. Maximal 
decreases in the carbon dioxide content 
and pH, and the maximal rise in the 
concentration of chloride were attained 
within 1 to 3 hours after the end of 
the infusion. For example, a severely 
alkalotic infant weighing 2.2 kg. was 
given 60 cc. of the ammonium chloride 
solution. The CO. content decreased 
from an initial value of about 105 vols. 
% to about 68 vols. % at the end of 2 
hours. The pH fell from 7.63 to 7.47 
and the chloride increased from t 
94 m. Eq. per liter. 

The extent to which the normal 
electrolyte pattern and the acid-base 
balance is restored depends on the 
severity of the initial alkalosis and the 
dose of ammonium chloride. However. 
only a very general rule can be given 
concerning the relationship between 
the two. Upon theoretical grounds, it 
may be calculated that 1 cc. of a 1/6th 
molar solution of ammonium chloride 
should neutralize an equivalent amount 
of bicarbonate and reduce the carbon 
dioxide content by 22.4/6, or 3.7 ce. per 
liter of serum. If it is assumed that am- 
monium chloride and the bicarbonate 
are distributed in the total body water. 
then 1 cc. of ammonium chloride solu- 
tion per kg. of body weight should 
reduce the carbon dioxide content by 
3.7 x 3/2 or 5.6 ec. CO, per liter of 
serum or 0.56 vols. %. Actually, in 
the series studied by Forbes and 
Erganian, the lowering of the serum 
carbon dioxide content ranged from 
0.33 to 1.77 and averaged 0.88 vols. ¥% 
for every cc. of molar-sixth ammonium 
chloride solution administered per kg. 
of body weight. The cause for this 
variability requires further investiga- 
tion. 

Grace and Barr** studied a series of 
patients with intestinal obstruction in 
whom alkalosis had been precipitated 
by a combination of frequent gastric 
lavage and the administration of large 
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unounts of sodium lactate in conjun 
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symptoms developed; the baby 


tion witn the use of sulfadiazine. Acute 


became pale, had twitchings of | th 


delirium was present iin most of these 
cases. It that the 
nous infusion of a liter of a 2 


evelids and hands, breathed irregularly 


was tound intrave 


developed bradveardia and showed 


solution poor response to painful stimuli. It 
that the rate 


at which ammonium chloride is admin 


of ammonium chloride during a period therefore 
of 22 to 


diate improvement of the patient and 


would appeal 


} hours resulted in an imme- 
watched carefully il 


istered must be 


elimination of the disturbing 


yay order to avoid toxic reactions. 
toms ; 
In conclusion, it may be noted that 
Toxic Errecrs or AMMONIUM CHLO- 
potassium salts and ammonium chlo 
RIDE ADMINISTRATION. Rizvi and Luck- 
ride have gained an important plac 
now'= used rapid injections of LO ce 
‘ during the past few vears in the arma 
of a 5% solution of ammonium chloride 


mentarium of parenteral fluid therapy 
to produce convulsion in schizophrenic 


Such 


spond to a dose of about 7 mg. per kg. 


The judicious use of these substance 


patients. administrations corre 


has in manv instances ameliorated thi 


Mate dase te much beec than the total condition of the patient or even prover 


a life-saving measure. Basic studies of 


doses, 89 to 330 mg. per kg., employed 


by Forbes and Erganian. However, electrolvte and water balance and o 


} 


hese latter doses were usually much ti 


infused renal function have done 


verv slowly during 30 minutes. Indeed, supply a rational basis for the use of 


in one case, when a dose of 30 ce. per these substances, but further investiga 


kg. of 1/6th molar ammonium chloride tions of this kind ar indicated to it 
was given in 18 minutes, an interval crease and broaden thei therapeuti 
shorter than the usual 30 minutes cflectiveness 
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By H. 


From the Department ot Radiology the 


the application of roentgen meth- 
to the 
blems, radiologists and their col- 
rues have been principally con- 


investigation of clinical 


ned with the development of pro- 


ures which demonstrate changes in 
Relatively few 
rts have been directed toward the 


tomical structure. 


lopment of methods which detect 
iologic disturbance. It is perhaps 
surprising that radiology has fol- 
d this pattern in its early stages 
rowth. The evolution of roentgen 
eering has been such that radiol- 
have been largely limited to 
ds in which one or more inde- 
ntly exposed films are made of 
tructure under examination. AI- 
h by proper timing of these 
ures an evaluation of some func- 
processes may be attempted, 
1ethods patently favor the visual- 
of anatomical structure rather 
hvsiologic pattern. 
r the past few years, a number 
elopments have occurred which 
vell alter the trend which has 
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heretofore existed. New techniques in} 
angiocardiography have opened the 
door to the study of many problems in 
cardiovascular physiology. The recent 
application of Schmidt optics to the 
field of photofluorography may soon 
make possible motion pictures of a 
quality that compares favorably with 
conventional roentgenograms. Also, the 
roentgenoscope, W hich inherently 
would be an excellent physiologic tool 
if it were not for its poor rendition of 
detail, may soon have its deficiencies 
corrected if current research to inten- 
sify or brighten the fluoroscopic screen 
is 

In addition to the foregoing there 
has been one other instrumental devel- 
opment which appears to have consid- 
erable potential value in the study of 
physiologic phenomena. This is the 
electrokymograph"*, a device primarily 
developed for the recording of cardiac 
motion, but an instrument that may 
also be used to study the motion of 
any structure that can be seen roent- 
genoscopically or to study minute 
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changes in tissue density which may 
occur trom physiologic activity 

[he electrokymograph —fundamen- 
tally consists of a small roentgen radia 
tion detector, a simple amplifier, an 
scillograph and a_ well regulated 
power supply. The radiation detector 
consists of a multiplier phototube and 
a small Nuorescent screen, placed di- 
rectly over the phototube’s sensitive 
surface. The detector is attached to 
the frame of a conventional roentgen- 
scope and is mounted so that it as- 

mes a position between the patient 
ind the roentgenoscopic screen 

In the recording of cardiac motion 
with the instrument, the radiation de 
tector is first centered roentgenoscopic 
ily over the border of the cardiac sil- 
houette and then with the roentgen 
beam still turned on, the recording 
oscillograph is set in motion. As the 
cardiac border moves to and tro the 
heart shadow mav be seen to cover an 
increasing amount of the detector’s 
Huorescent screen during the expansile 
phase of the cardiac cvcle and a de- 
creasing amount of the screen during 
the contractile phase. The intensity or 
brightness of the Roentgen ravs passing 
through the 
screen thus varies in accordance with 
the motion of the heart border. Now 
these ravs 


detector’s fluorescent 


cause the emission of 
fluorescent light from the screen in 
pronortion to their intensity and the 
underlying phototube reacts this 
light by generating an electric current 
in proportion to the intensitv or bright- 
ness of the fluorescent light. Therefore 
the recording oscillograph to which 
the phototube is connected prints a 
wave whose amplitude is a function of 
the motion of the cardiac border unde 
study 

In their original work with the 
electrokvmograph Henny and 
Boone!®!® thought it important that 
the instrument’s radiation detector be 
always centered with its long axis 


paralle] to the structural motion being 
recorded. Subsequent experimental and 
theoretical investigations have proven 
this restriction to be unnecessary 
however, and accordingly the mechan 
ical design of the instrument has beet 
simplified. 

It mav be of interest to the reade: 
at this ‘time to relate a few of th 
events that led to the early research 


Jacobi, Janke1 


had conceived the idea 


in electrokymography 
and Schmitz 
of using an electronic radiation detec 
tor to record cardiac motion durin, 
the early 1930s. At that time the only 
roentgen device with which cardia 
motion might be recorded thi 
roentgen kymograph, an instrument 
first proposed by Sabat*! and later 
perfected by Stumpf**. This device 
then as now. consisted of a lead dia 
phragm in which was cut a series o! 
narrow transverse. slits approximatel 
one halt inch apart. This diaphrag: 
was placed in front of a roentgen 
craphic film and during the exposure 0! 
a patient's chest. the film moved slow! 
downward behind the diaphragm. At 
motion of the structures in the chest 
was recorded therefore on the film 
Although much good work be: 
wccomplished by this 
the analytic difficulties 
herent in the unsharpness. the sma 
ness and the brevitv of its recorded 
waves have prevented it from beco 
ing a widely used tool either in ge 
eral radiology or in study 
phvsiologic processes. 
As a means of overcoming the limi 
tions of the roentgen kvmogeraph first 
Tacobi and his co-workers?” and later 


Heckmann 


ment of an instrument in which ar 


considered the develop 


ionization chamber served as a racia 
Unfortunately, withi 
the limits of practical design it was not 


tion detector 


nossible to build an instrument of this 
tvpe which was both stable in onera 
tion and faithful in its recording chat 
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icteristics their ettorts 


vere not too successtul. Early in 1940 


Accordingly 


iowever, the present writer®’ had be- 
un to use multiplier phototubes in 
oentgen-ray exposure control ap- 
aratus and it appeared that the char- 
teristics of this 


rat it 


device were such 


night serve as an excellent 


idiation detector for recording cardia 


otion. The pressure of war activity’ 


revented anvone from taking advan 

e of this development until arrange 

nts were made with the U. S. Public 
Health Service early in 1945 to have 
Boone assigned to the laboratory of 
hamberlain and Henny. Boone went 
work the 
ectrokymographic project was begun 


Philadelphia and 


When the first instrument was con- 
tructed. ther 


estion concerning what name should 


immediately arose the 


applied to the device. In corre 


ndence and 


conference between 
Chamberlain and the 


thor. several names were proposed 


Boone 


luding the term, fluorocardiograph 


Tharhie Was discarded since the 


ment was potentially useful in 


r fields than cardiography. The 


thor suggested the term. electro- 


iograph, and although this name 


| several shortcomings, it was finally 
d the Possibly the 
fluorokvmograph. would 


groun. 
have 
the instrument 
found use as a plethyvsmograph® in 


better. How ever 


h visible light instead of roentgen 
ition is used as the activating 
lium. In view of these and other 
lerations the name, electrokymo- 
has persisted. 
iddition to the pioneer work by 
v and Boone, fundamental elec- 
mographic research has more re- 
been conducteed by Hjelmare! 
sweden and Marchal** and Lian 
\Minot?* in France. Hjelmare em- 
a Geiger-Muller counter as his 
tion detector. whereas the French 
ers use conventional phototubes 


and sensitive amplifiers. Both groups 
have obtained good results. The sim- 
plicity of the multiplier phototubes em- 
ployed by 


American investigators, 


however, favors the use of these: de- 
vices over their European counterparts. 

In their early work with the electro- 
kymograph, Boone, Henny and_ their 
co-workers**= devoted their 
ctlort to the analysis of cardiac motion 
and in particular to the motion of the 
left ventricle, the right auricle, the 
aorta and the pulmonary artery. For 
each of these structures they obtained 
complex vet rather characteristic wave 


most of 


patterns. In order to correlate these 
wave phenomena with the events in the 
cardiac cvcle that were responsible for 
them, it was necessary to record simul- 
taneously with the electrokymographic 
tracings, a reference tracing of some 
other cardiac activity whose wave pat- 
well understood. The 
carotid sphygmogram was used for 


terns were 
this purposs 


Electrokvmographic tracings were 


made by: 1, placing the patient in front 
of a roentgenoscope to which the in- 
strument’s radiation detector at- 
tached 


tor under roentgenoscopic control to a 


2. gniding the radiation detec- 
position over the heart border and. 3 
then setting the 

During the 
cardiac activitv. the 


osctoeranph mo- 
tion. recording of the 
natient was re- 
quested to stop breathing. 

The patients. were examined in both 
the upright and recumbent positions. 
The sensitivity of the electrokymo- 
graph was adjusted individually for 
each patient so as to vield a tracing 
in which the amplitude of the waves 
approached 15 to 20 mm. With such 
an amplitude, the resolution of the 
various complex patterns was excellent 
and permitted ready analysis. 

In this exnerimental work, the elec- 
trokymograph was arranged so_ that 
upward moving limbs of the record- 
ings represented expansile or filling 
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phenomena of the heart while down- 
ward moving limbs represented con- 
tractile or emptying phenomena. The 
steeper the slope of a wave limb, the 
more rapid was the action or movement. 
and the less steep the slope, the slower 
was the action. Changes of slope upon 
i limb, in general, represented changes 
in speed of action and notches or ser- 
rations in the wave pattern represented 
smaller superimposed changes _ of 
iction 

The wave forms for each of the 4 
border areas of the heart and great 
vessels under investigation were found 
to be quite characteristic and to re 
semble closely the respective vol 
umetric wave forms that are well 
known to phy siologists. In spite of this 
basic resemblance to volumetric curves 
however, certain differences were not- 
ed. It is believed that these differences 
are caused by factors which may be 
called “positional” in nature 

During svstole and 
diastole, the heart undergoes a general 


ventricular 


movement because of its structure and 
relationship to the great vessels. Early 
in systole the long axis of the heart 
shortens as the base and apex move 
toward one another. At the same time 
the broad axis widens and the shape 
of the heart changes from an el- 
linsoidal to a globular configuration 
This action frequently nroduces small 
outward movements of nortions of the 
ventricular wall in early svstole instead 
of the expected inward movement that 
would ordinarily occur when the vol- 
ume of the heart is decreasing. In addi- 
tion to the foregoing. 2 other nositional 
changes have been described. One is 
caused bv the nendulum motion which 
oecurs when the aorta straightens: the 
second is a rotational motion which is 
caused bv the spiral arrangement of the 
ventricular muscle bundles. During svs- 
tole, this rotation causes cranial dis- 
placement of the anex. while in diastole 
the motion is reversed. These positional 
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changes are of course superimposed on 
the volumetric changes and hence cre 
ate a wave pattern of increased com 
plexitv. Sometimes they may be op 
posite in direction to the volumetric 
displacement and thus tend to countet 
act it; at other times they may be in 
phase with it and thereby produce an 
idditive effect. It has been observed 
that these positional factors exert their 
influence principally during the early 
stages of systole and diastole. 

The electrokymographic tracing of 
the left ventricular border has 2 major 
components, one descending, the othe: 
ascending. Each is preceded by a set 
ration of variable amplitude and direc 
tion. The beginning of the serration 
that precedes the descending ejectior 
phase of the cardiac cvcle marks th 
onset of ventricular contraction an 
the raising of the intraventricular pres 
sure to a sufficient level to close the 
As the contraction of the 
ventricular fibers continues the it 


initral valve 


traventricular pressure rises still fin 
ther until the aortic valve opens. Th 
time interval between the closure « 
the mitral valve and the opening o! 
the aortic valve is called the isometri 
contraction phase of the heart evel 
Since there are significant vol 
umetric changes of the heart durin 
this phase, the wave form of the ele: 
trokvmographic tracing is entirely tl 
result of positional changes of t] 
heart. Also since the character of th 
positional changes varies widely fro1 
individual to individual and also fro 
ene region of the ventricle to anoth 
in the same individual. the wave for 
is quite variable. Usually however. t! 
curve appears as a minor descendi 
limb of gentle slope lasting for 
proximately 0.06 second. 


When the aortic valve opens, bl 
is eiected rapidlv into the aorta. D 
ing the earlv period eiection, positior 
factors of the heart continue to pla\ 
a prominent role in determining thé 
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ventricular wave form of the electro- 
kymographic tracing. Frequently the 
ventricular wall exhibits a brie: out- 
vard motion before its major inward 
motion occurs and hence the tracing 
nay present a minor ascending limb 
4 gentle upward slope before the ma- 
or descending limb of ventricular ejec- 
tion takes place. Toward the end of 
the ejection phase, the flow of blood 
nto the aorta slows because of pres- 
sure equalization and the steep 
lescending limb of the electrokymo- 
‘ram frequently tapers off. 

\t the end of ventricular systolic 
ejection, the phase of protodiastole, the 
first stage of diastole, occurs. This 
hase takes place just before the clos- 
re of the aortic valve and is usually 
narked on the electrokymogram by a 
\inor upward serration, approximately 
1.04 second in duration. However, as 
this wave form is principally the re- 

ilt of positional changes in the heart, 
therefore varies from one individual 
to another to a considerable degree. 

When the aortic valve closes, there 

llows a short interval before the 
itral valve opens, called the isometric 
laxation phase of the cardiac cvcle. 
uring this phase the ventricle is a 
sed chamber and therefore under- 
es no volumetric change. Therefore 
re again, positional changes of the 

rt are the cause of anv movement 
the cardiac border. Usuallv this 

ise is marked on the tracing by a 
downward serration, approxi- 
tely 0.10 second in length. 

\When the mitral valve opens there 
in initial inrush of blood which car- 
the ventricular wall outward. This 
t is recorded electrokyvmographic- 
1s a maior ascending limb of steen 
ne. This portion of the tracing 
rks what has been called the ranid 
stolic filline phase of the cardiac 
le. Tt is followed by a phase in 
ich the filling of the ventricle takes 
e at a slower rate and during which 


the electrokymogram continues to as- 
cend but at a somewhat diminished 
slope. This phase, called the slowed 
diastolic filling phase, leads directly 
into the isometric contraction phase to 
begin again the cardiac cycle. 

It will be evident from the foregoing 
that electrokymograms of the lett 
ventricle constitute a powerful method 
tor recording the mechanical events 
that take place within the heart. 
Electrokymograms of the pulmonary 
artery and the aorta also reveal with 
striking definition the phenomena as- 
sociated with those structures. The 
electrokymogram of the pulmonary 
artery presents a wave form with a 
sharply rising limb, a rounded crest 
and a slowly descending limb. The 
sharply ascending limb marks the vig- 
orous ejection phase of ventricular 
systole and begins at the opening of 
the pulmonary valve. The first part 
of the descending limb probably oc- 
curs during the late phase of ventric- 
ular systole. Some distance from the 
peak of this limb there is a brief notch 
which is related to the closure of the 
pulmonary valves. 

The electrokymogram of the aorta is 
similar in many respects to that of the 
pulmonary arterv. It frequently is 
asvnchronous with the tracing of the 
pulmonary artery, however, and there- 
fore mav be differentiated from it. Its 
incisural notch also is very much less 
prominent than that of the pulmonary 
artery. 

A truly characteristic electrokymo- 
gram for the right auricle has been 
extremely difficult to establish. This 
appears to be due to the fact that the 
right ventricle nsually superimnoses its 
motion upon it and thereby creates a 
wave pattern that is difficult to analvse. 
However. it has been found that with 
careful time measurements and cross 
correlations, the time of auricular 
svstole can usually be identified. The 
lower the point chosen on the right 
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ricular border, the more prominent 
the influence of the right vena.cle 
nd the greater is the difticultv in de 
ning the auricular activitv. Indeed in 
many cases that have been studied, a 


pure ventricular wave has re- 
corded on the heart border in the 
vicinity of the cardio-hepatic angle. 
hus the right ventricle may frequently 
contribute to the right heart border 
in the antero-posterior silhouette. 

Until now, our discussion has been 
concerned mainly with the application 
of electrokymography to the study of 
normal physiologic phenomena in the 
heart and great vessels. A review of 
the literature pertaining to its use in 
tbnormal physiologic states therefore 
ppears to be in order. However, be- 
fore proceeding to this phase of the 
subject, it is worthwhile to direct at- 
tention first to a number of engineer- 
ing problems that have been en- 
ountered in electrokyvmographic de- 
velopment. In general, these problems 
have had a somewhat limiting influ- 
ence on the breadth of application of 
the instrument. 

As we have seen. the wave forms 
presented in electrokyvmograms of the 
heart are quite complex. The faithful- 
ness with which the tracings actually 
record cardiac movement therefore is 
dependent on the frequency response 
of the electrokymogranh. If the in- 
strument is able to record equallv well 
ill of the frequencies venerated bv the 
cardiac segment under investigation. 
then the tracing will constitute a pre- 
cise record of cardiac motion. On the 
other hand. if one of the movements 
of the heart generates a wave form of 
let us sav 20 evcles ner second and 
the electrokvmogranh has a freauenev 
resnonse that extends onlv from 0 to 10 
evcles ner second, that narticular move- 
ment of the heart will go unrecorded: 
hence the electrokvmogram will not 
constitute a faithful record of the 


cardiac phenomena. 
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Now electrokymographs using mul- 
tiplier phototubes and calcium tung 
state tluorescent screens as thei 
radiation detectors inherently are lim 
ited in thei frequency response only 
by the design of their amplifier and 
Indeed, if 


necessary, these compone nts can easily 


oscillographic equipment 


be designed to provide a trequency 
response from 0 to several kilocycles 
However, the characteristic of present- 
day roentgenoscopes make the use of 
such equipment quite impossible. Con 
ventional roentgenoscopes are operat 
ed with raw AC or unfiltered rectified 
AC, potentials ind hence the intensity 
of the Roentgen rays generated by them 
rises and falls periodically at fre 
quency ot 60 o1 120 evcles pel second 
If means are not provide d in the elec 
trokvmograph to attenuate sharply 
these freque neies, the tracings that re 
sult are essentially unreadable. Now, it 
is not possible to attenuate a particular 
frequency without causing some at 
tenuation of frequencies in the nearby 
ranges. In fact unless considerable 
care is taken, the frequency responss 
of an electrokymograph which contains 
provision for filtering out the 60 or 120 
evcle signal arising in the roentgeno 
scope, may also disc riminate severely 
against frequencies as low as 2 or 3 


evcles. Kay, Wood, Zinsser and Ben 
jamin** measured the frequency re 


“sponse of one electrokymograph and 


found the response at 5 evcles pel 
second. 38% lower than at 1 evcle per 
second; at 20 evcles the response was 
down 87%. It is quite obvious that sucl 
an electrokvmogranh will be unable t 
record much of the finer detail that 
mav exist in a cardiac activity. 
Although the first electrokymograph 
exhibited poor frequency responses, i! 
is fortunately possible to design instru 
ments that have a flat resnonse fron 
zero to about 30 cycles and still effec 
tively filter out the 60 or 120 ecvycl 
signal from the roentgenoscope. Henc¢ 
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forth, electrokymographs having such 
haracteristics should be easily attain- 
ible and it will be interesting to fol- 
ow the additional information that 
these instruments will provide. It may 
be worthwhile to explore the possibili- 
ties of an electrokymograph operated 
from a constant potential roentgeno- 
cope. It the instrument is able to re- 
ord over a_ truly” wide frequency 
range. the re sulting high resolution of 
the device may provide information 
tar beyond our present limits. 

\nother engineering problem that 
iS be en encountered electrokymo- 
raphy is the difficulty with which the 
unplitude of the recorded tracing can 

be correlated with the amplitude of 
the actual motion under investigation. 
When a thin patient is examined, the 
ntensity of the roentgen radiation 
ching the electrokymograph is high 
id hence a normal cardiac excursion 
Il produce an 


mplitude in the 


abnormally — large 
electrokymogram. 
onversely when the patient is over- 
veight the intensity of the roentgen 
diation incident upon the electro- 
mograph will be low; under these 
iditions the same amount of cardiac 
tion will produce a tracing of low 
nplitude. This difficulty may be over- 
me to some extent by an adjustment 
th sensitivity of the electrokymo- 
iph to meet the changing intensity 
the radiation that exists from one 
tient to another. Unfortunately, how- 
er, it is extremely difficult to cali- 
ite such a sensitivity control in a 
nner that will insure a quantitative 
tionship between the amplitude of 
electrokymogram and the ampli- 
of the motion that produced it. 
the surface the underlying causes 
this difficulty may not be readily 
parent. However, it must be remem- 
red that the electrokymograph is an 
trument that records changes in light 
tensity received from a Roentgen- 
fluorescent screen. A moving struc- 


ture, such as the heart or one of the 
great vessels, theretore will generate 
a wave pattern on the instrument's 
oscillograph. 

Now the heart and great vessels dif- 
ter widely in their avility to absorb 
roentgen radiation. The heart, being a 
large structure, absorbs a large per- 
centage of the radiation projected 
through it while the pulmonary artery, 
being of much smaller caliber, absorbs 
only a small percentage of the radiation 
incident upon it. Accordingly, a given 
movement of the heart will produce 
tracings of much greater amplitude 
than the same amount of motion in 
the pulmonary artery. This same 
phenomenon will also cause the pro- 
duction of electrokymograms of differ- 
ent amplitude in 2 patients with equal 
average Roentgen-ray transmission and 
equal cardiac motion, if in 1 patient, 
the heart is larger than in the other. 

From the foregoing it appears that 
the solution to the problem of cor- 
relating movement amplitude with 
tracing amplitude is well night insur- 
mountable. With this thought in mind, 
a number of workers have expressed 
the opinion that this problem in reality 
is of no great importance under most 
circumstances. They point out that the 
great amount of information provided 
by the high resolution of electrokymo- 
tracings pe rmits one to re ‘solve 
most problems to which the instrument 
is applied. They further state that if 
quantitative information on the ampli- 
tude of a given motion is desired, it 
obtained from a 
roentgen kymographic film. Although 
this reasoning is doubtless sound, it is 
hoped that efforts will be continued 
to find wavs and means of solving the 
problem. 

- During the past few vears. elec- 
trokymography has been used by an 
increasing number of workers in the 
study of normal and abnormal cardiac 
Characteristic 


mav easily 
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have been established tor myocardial 
infarction and aneurysm, constrictive 
pericarditis, tricuspid and mitral heart 
disease and a number of congenital 
anomalies. Chamberlain first demon- 
strated the spectacular changes that 
occur in the ventricular electrokymo- 
gram taken in the region of a myo- 
cardial infarct. In this situation the 
major descending and ascending limbs 
of the tracing that normally occur dur- 
ing the ejection and diastolic filling 
phases are reversed; that is, in myo- 
cardial infarction, the descending and 
ascending limbs occur during the 
diastolic filling and ejection phases and 
hence present a paradoxical sequence. 
This finding has also been observed 
by Luisada and Fleischner?®. Stauffer 
and Jorgens*? also found a similar ab- 
normality in 2 histories of ventricular 
aneurysm. These workers found that 
the most rapid outward movement of 
the aneurysmal wall occurred during 
the isometric contraction and early 
systolic ejection phases of the cardiac 
cycle. During the latter part of systole 
the wall remained relatively stationary, 
only to move sharply inward shortly 
after the closure of the aortic valve. 
They also interestingly observed that 
roentgen kymograms of these patients 
demonstrated the changes found in the 
electrokymograms only with the great- 
est difficulty. 

Although paradoxical movement of 
the ventricular border in the great 
majority of instances probably _indi- 
cates the presence of a mvocardial 
infarct, Gillick!’ has observed a few 
instances of the phenomenon in 
normal healthy young adults. Gillick 
has explained the observation by postu- 
lating that the shortening of the inter- 
ventricular septum during systole is 
greater than usual and that almost 
the entire decrease in the volume of 
the ventricular chambers is due to this 
septal hvyneractivity. As a result the 
ventricular wall actually is displaced 


outward during systole. Whether o1 
not this explanation is sound must 
await further observation. 

Another where electro 
kymography appears to yield valuable 
information concerning the status of 
the myocardial muscle is in the rela- 
tively “great precision with which it 
permits the measurement of — the 
relaxation phase of — the 
cardiac cycle. Physiologists, including 
Wiggers®® and Burstein’, have believed 
for some time that this phase provides 
an excellent index of the relaxation 
process and of the functional condition 
of the myocardium. Unfortunately 
clinical methods to measure the dura- 
tion of this phase have not heretofore 
been available. Luisada, Romano and 
Torre®® working with normal subjects 
and with patients with mitral stenosis 
and Boone, Randak, Ellinger and Op- 
penheimer* working with normal and 
hypertensive individuals and with pa- 
tients having myocardial infarction and 
bundle-branch block, appear not only 
to have strikingly confirmed the con- 
cepts of Wiggers and Burstein but also 
to have demonstrated that electro 
kymography is a simple and _ reliable 


instance 


isometric 


method for measuring the duration of 
the phase. The observations of Boone 
and his group indicate that the dura 
tion of the isometric relaxation phase 
in the normal healthy adult ranges 
from 0.06 to 0.16 second with 71% of 
the observed cases falling between 0.10 
to 0.13 second. The pathological groun 
on the other hand exhibited isometric 
relaxation times ranging from 0.10 to 
0.22 second, with 71% falling between 
0.15 to 0.18 second. 

The causes of increased duratio1 
of isometric relaxation have been the 
subject of considerable coniecture by 
phvsiologists. Three factors have beet 
suggested to account for the phenom 
enon. These include: a, the inherent 
rate of muscular relaxation. Db, the 
intraventricular pressure at the onset 
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ot isometric relaxation, and c, the intra- 
atrial pressure at the end 
relaxation. 


isometric 


in hypertension Boone and his co- 
workers believe that the increased 
intraventricular pressure at the end of 
systole results in a greater 
differential between the 
iuricle 


pressure 
ventricle and 
and hence a prolongation of 
the isometric relaxation phase. Later 
is the hypertrophy of the musculature 
progresses and _ its becomes 
inherent rate of relax- 

slower. It also 
found in 2 cases with congestive failure 


nutrition 
impaired the 
ition becomes was 
that the duration of the isometric relax- 


ition phase returned to normal levels. 


It is believed that this reversion is 
aused by a decrease in the intra- 
entriculal pressure at the end of 


vstole as compared to the compen- 
sated hypertensive state. Also the 
levated intra-atrial pressure in the de- 
—— state probably terminates 
the phase prematurely by reducing the 
lifferential pressure between ventricle 
still further. 

In cases of bundle-branch block and 
ivocardial infarction it appears that 
he principal tactor responsible for the 
rolongation of the isometric 
increase 
muscular 


ind auricle 


relaxa- 
in the in- 
relaxation 
metabolic and structural 
ventricular muscle. 
oone and his co-workers also specu- 
ted that the prolonged relaxation 
hase might be a compensatory meas- 


on phase is an 
erent rate of 
lowing 


hanges in the 


re to maintain adequate coronary 
lood flow since Gregg and Green'™ 

ive demonstrated a large coronary 
lood volume flow during this phase 
the cardiac evcle. 

rather striking changes of the 
ntricular electrokymogram have been 
served by Gillick and Revnolds’® in 
ses of constrictive pericarditis. The 
ending limb of the rapid diastolic 
ing phase commences in its normal 
hion but, after completing a portion 


some 


of its excursion, it ends abruptly in a 
sustained plateau which persists until 
the ejection phase of systole begins. 
Apparently the pericardium sharply re- 
stricts the outward motion of the ven- 
tricular wall atter the ventricle 
has begun to fill. In a review of the 
electrokymograms presented by Staut- 
fer and Jorgens** it is interesting to 
that their Case VI presents 
such a pattern at the left lower ven- 
tricular border and it therefore may 
be presumed that the primary diagnosis 
was a constrictive pericarditis rather 
than the tricuspid regurgitation that 
was reported. The other clinical find- 
ings in this case are also quite consist- 
ent with this disease. 

Stauffer and Jorgens** also noted ab- 
normalities of the aortic electrokymo- 
gram in patients with interatrial septal 
defects. A rather broad plateau at the 
height of the curve plus an unusually 
deep incisura were observed. Unfor- 
tunately these tracings were not pub- 
lished in their communication and it is 
therefore difficult to judge how strik- 
ing the changes were. Stauffer and 
Jorgens explained their finding on the 
changed hemodynamics associated 
with the intracardiac shunt and trans- 
mitted motion from the adjacent en- 
larged pulmonary artery. 

Luisada and Fleischner2* have re- 
cently reported characteristic changes 
of the left auricular electrokymogram 
in 23 patients with lesions of the mitral 
valve. The normal electrokymogram of 
the left auricle as found by these work- 
1, a sharp presystolic 
downward limb whose trough coin- 
cides with the closure of the mitral 
valve, 2, serration of inconstant 
amplitude during systole, and 3, an 
ascending limb of variable slope during 
early diastolic collapse. In the cases 
with mitral regurgitation, this normal 
pattern was interrupted by a steep 
expansile wave at the beginning of 
ventricular svstole which ended in a 
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broad plateau which persisted until 
the opening ot the mitral valve. the 
wave then descended sharply at the 
beginning of ventricular diastole. ‘ihe 
changes are the 
regurgitation. 

interesting use of electrokymography 
in the study of asynchronism of the 
right and left ventricles has recently 
been reported by several workers? 
Chamberlain and his co-workers made 
consecutive electrokymograms of the 
pulmonary artery and of the aortic arch 
with the carotid sphygmogram. The 
time interval between the onset of 
pulmonary ejection and the onset of 
aortic ejection was determined by using 
the carotid sphygmogram as a standard 
of reference. In normal subjects 
asynchronism of ejection occurred in 
51 of 68 subjects. Left ventricular 
ejection led by 0.01 to 0.03 sec. in 32 
cases; right ventricular ejection led by 
0.01 to 0.03 sec. in 

In patients with intraventricular 
block, the asynchronism was strikingly 
accentuated. In 6 patients with right 
bundle-branch block the onset of the 
ejection phase of the right ventricle 
lagged behind the left ventricle from 
0.04 to 0.05 second. In 9 patients with 
left bundle-bunch block the left ven- 
tricular ejection lagged behind the 
ejection phase of the right ventricle 
from 0.04 to 0.07 second. In a tenth 
patient the difference was 0.03 second 
(the upper limit of normal). 

The asynchronism 


result of mitral 


19 cases. 


which normally 
occurs between the right and left ven- 
tricles has been used by Gillick" to 
determine the source of the pulmonary 
blood supply in a case of unilateral 
pulmonic stenosis. He was able to dem- 
onstrate beautifully that on the normal 
side of the chest the pulmonary pulse 


waves were synchronous with those 
of the right ventricle, whereas on the 
stenotic side the pulsations were 


synchronous with those of the aorta. 
The blood supply to the lung on the 
stenotic side was therefore through 
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bronchial collateral arteries. This case 
seems to that 


to solve the 


electrokymo- 
dith- 


betore 


indicate 
able 
problem ot 


graphy may be 
cult ascertaining 
surgery the pulmonary blood supply 


in patients with varying grades ot 


pulmonic stenosis (i.e., patients with 
such congenital anomalies as the 
tetralogy of Fallot). 

Another physiologic investigation 
using electrokymography has recently 
been published by Kay, Wood, Zins- 
ser and Benjamin?*. These authors 
studied the validity of 


grams for me 


electroky mo 
asuring the diametric 


change of the aorta and pulmonary 


artery during circulatory disturbance 


In their inve stigation, voluntary strain 
ing was employed as a test circulatory 
It was found that qual- 
itatively the changes in the amplitudes 


of the electrokymographic tracings par 


disturbance. 


alleled coincident changes in pulse 
pressure in the brachial artery and 
that the amplitude of aortic pulsations, 
after correction for pulse rate, have a 
quantitative relationship to pulse pres- 
sure approximating that which would 
be expected between aortic diameter 
More than 
a good approximation cannot be ex 
pected however since 
the diameter of the 
after straining cause the 


change and pulse pressure. 


differences in 
aorta during 
aorta to have 


and 


different Roentgen-ray transmissions 
Therefore, a given border movement 
of the aorta under the 2 conditions 


will produce electrokymograms of dif 
ferent amplitude. 

Finally, 
one of the most important applications 
of electrokymography just beer 
proposed | by Ring, Balaban and Op 
penheimer® 


what probably will prov: 
has 


These workers have con 
ducted a studs in which the amplitud 
of the electrokymograms taken over th 
body of the left ventricle 
related with the cardiac output, 

determined by the ballistrocardi: 
graphic method of Starr** in 28 pa 
tients. A surprisingly good correlatio 


were Col 
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was found. It is rather unfortunate, 
however, that the ballistocardiographic 
method was employed as a standard 
ft reference in this investigation as it 
is thought by many to be less reliable 
than the methods of Fick and Stewart. 
If further studies, using these latter 
nethods of reference, demonstrate an 
jual or better correlation between 
irdiac output and the electrokymo- 
‘ram, a simple clinical procedure for 
letermining this parameter will at last 
at hand. Since ventricular electro- 
kymograms resemble very closely the 
olumetric changes that occur in the 


rt, there is good reason to expect 


that an excellent correlation will be 
obtained. 

From the material that has been re- 
viewed in the foregoing paragraphs, it 
is evident that the electrokymograph 
is a radiologic tool of rapidly develop- 
ing significance. With several other 
recent developments it is raising the 
curtain on a new era of roentgen inves- 
tigation, an era of physiologic rather 
than anatomic study. It will be interest- 
ing to pursue the many new applica- 
tions of electrokymography that doubt- 
less will occur in the years to come. 
The method has certainly shown re- 
markable potentialities in the few years 
since its inception. 
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BOOK REVIEWS AND NOTICES 


THE FUNDAMENTALS OF PULMONARY TUBER 


Edited by 


CULOSIS AND ITS COMPLICATIONS. 


EpwarpD W. Hayes, M.D., et al., American 
College of Chest Physicians. Pp. 480; 74 
ills. Springfield, Ill: Charles C Thomas 


1949. Price, $9.50. 

luis book has been prepared by an edi 
torial committee of the American College of 
Chest Physicians. Its purpose is to present in 
i concise manner fundamental information on 
prevention 
nd control of tuberculosis. The 
ills attention to the diversity of 
ul with which medical students, 
practicing physicians and teachers should be 
familiar in order to obtain a working know] 
edge of tuberculosis, and has attempted to 
them the effort of 
through the literature by bringing together in 
t single volume principal facts in the wid 
inge of subject material covered. The result 
is been a_ successful presentation of the 
chief aspects of tuberculosis treatment and 
control, with emphasis on modern develop- 


the cause, treatment 


diagnosis, 
committee 


material 


sources 


Save 


extensive search 


I 
| i 


ments. The 26 chapters cover in commenda 
knowl dge in the fields of 
bacteriology, 


ble fashion basic 
inatom\ immunology and 
pathology physical, laboratory and Roentgen- 
ray diagnosis, treatment by sanatorium meth 
ods psychosomatic aspects of the disease, 
bronchial tuberculosis, minor and major sur 
gical procedures in the treatment of tubercu- 
losis, public health aspects of its control, tuber- 
culosis of special svstems and various com 
plications. A useful bibliography is appended. 
The book can be highly recommended as a 
ready reference for information in the various 
fields of tuberculosis 


\ TeExTBOOK oF HistoLocy. By ALEXANDER 
\. Maxmmow, Late Prof. of Anatomy, and 
Witt1AM Bioom, Prof. of Anatomy, Univ. 
of Chicago. 5th ed. Pp. 700; 562 ills., 32 
Phila W. B. 1948 
$8.50. 

luis 5th edition follows in its main outlines 
the plan of earlier editions. Recent advances 
have been incorporated without increasing 
the size of the book, and examples of the 
newer histochemical techniques have been 
judiciously chosen. Both features are in keep- 
ing with the general nature of the subject, 
allowing presentation of the more funda- 
mental aspects of histology in a comprehen- 

( 598 ) 


in color. Saunders, 


Price, 


sive and readable manner. The paper, type 


and illustrations ire ot unusual excellence 
C.B 
Hinpu MEDICIN! By Henry R. ZIMMER 
Ph.D., Formerly Prof. of Sanskrit, Univ. of 
Heidelberg. Edited by Lupwic EDELSTEIN 
Ph.D. Pp. 201. Balt Johns Hopkins Press 
1948. Price, $4.00 
THis is in no sense an account of Hindu 


medicine through the 


ages, or even through 
ancient times, nor is it intended to be one 
It is, however, an interesting view of the 


high points of pre-Aryan, Vedic, Buddhistic 
fantric and Ayurvedic philosophy in relation 
to medical theories and pra tices closely cor 
related with the 
losophy ot Hinduism. 


ot the Noguchi Lectureship 


pervading myths and phi 


The series 


on the History of Medicine was given by 
Professor Zimmer in 1940. Three vears later 
he died before his revision of the material 


tor publication had been 
first 2 of the 3 


stantially as they 


completed Che 
lectures are published sub 
in his 
augment. the 


medicine the 


were found papers 


even fragmentary. To 


Hindu 


though 


analysis of editor has 


contributed a lengthy Preface outlining Zim 
mers concept of Hindu culture, and has 
included, as an act of piety, as many as 
possible of the scattered notes and outlines 


for the 
valuable combination of 


A stimulating and 
Hindu medical lor 
mysticism and philosophy emerges E.K 


missing chapters 


SKIN DisEASES IN GENERAL Practice. By | 
Ray Betrriey, M.D., Middlesex Hospital 
London. Pp. 260; 96 ills Evre & 
Spottiswoode L949 
Here Bettley has undertaken 

many dermatologists have 

write a book for the 
covering only 


London: 
Price, 21 s 

to do what 
wanted to do 
general practitione1 
those diseases which are com 
mon and discussing them adequately enoug| 
to be practical. Although the author has 
done a veoman’s job, the selection of topics 
to be discussed will not meet the 
of all authorities. since determination of what 
will with the individua 
specialist as well as with the general practi 
tioner because of differences in the composi 
tion of their practice. On the whole, however 
in spite of the 


approv i 


is common vary 


omission of some. diseases 


BOOK REVIEWS 


t but which dif 

the practitioner (e.g., 

rt ria, erythema multiforme hardly 

ned. On the other hand, it might be 

ble to omit detail on certain therapeutic 

edures requiring special skill and training 
thorium X 

of the better handbooks re 

published, and it’ merits wide 


to 


pose 
t situations 


This is one 
con- 


B. 


CHISON § PRINCIPLES 
H 

(;RAHAM 
ed. 


1948 


AND THI 
by V. 
and GErorcr 
Lond 
Williams & Wilkins 


OF 
Revised 


Cant 
Cant | 


MorTrrraM, 

M.D. 
Pp 

Price 


Lit sides 


nutrition are 
This detailed 
in foods and their composition which 


this 


PETICS and revers¢ 


Sunnie Is a survey 


ites information with the current 
tanding of what happens to the sepa 
mnponents of food during digestion 
endogenous metabolism. Emphasis is 
to both psychologic influences and 
lual variation factors which most Amet 
textbooks tend to underestimate. This 


tenth edition discusses much of the new 


ta which has accumulated during—and 
ly because of—the war vears. Like many 

texts it is eminently readable 

LW 
puitis: Its Course AND MANAGEMENT. By 
Evan W. Tuomas, M.D., Prof. of Clinical 
\ledicine, New York Univ. College of Medi- 
Pp. 317; 59 ills. New York: Macmillan, 
449. Price, $5.50 


ANY present day exposition on the course 
management of syphilis must be tenta- 
ind the author a person of great courage 

willing Dr. Mahoney hopes in the 
duction to this volume, to “build a series 
which will the 
gh the period of change and which will 
pt a final evaluation of the events now 
place a seconder to this hope, 
be lieves Dr. 
review 


aS 


revisions disease 


Carry 


Reviewe! has 


Thomas pro- 
| of the status of 
lis today and while he does not accept 
reached, he feels that 

olurne will at least fulfill the purpose 
timulating thought and further investi 
nm, but because of the complicated mod 
presentation, it is far from the mark of 
ng “busy individuals a practical under- 
nding of the principles underlying the 
lern diagnosis and treatment of syphilis.” 
r the Specialist, however, there is much to 
mend this book. While most of the date 


concise 


the conclusions 
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presented are interpreted personally by Dr 
Thomas, he has sought assistance of many 
able authorities including Dr. Theodore 
Bauer, Dr. Charles R. Rein, Dr. Bernhard 
Dattner and Dr. Joseph Earle Moore. 

The section on Interpretation of Quanti 
tative Serologic Tests for Syphilis is probably 
the most detailed compilation the Reviewer 
aware of. To counterbalance this worthy 
service there are many views which may be 
misleading to the less critical practitioner 
For example: the experience of the Author 
regarding the location of mouth spirochetes 
only at the margin of the gums, thus discred 
iting the validity of darkfield results from 
specimens removed from other oral sites; his 
views on reinfection tend a little on the side 


1S 


less 


of uncritical definition since his only abso 
lute criterion of reinfection is the develop 
ment of a new chancre at a different site 
from the original one (p. 39 


rhe Reviewer feels that some expansion of 
the text and attention to the loose ends pro 
duced by the present “shakedown cruise” 
will lead eventually to the production of on 
of the outstanding volumes on syphilis 


(,ARDIOLOGY WiuILLIAM 


By Evans, M.D 
Physician to the London Hospital. Pp. 310: 


269 figs. New York: Paul B. Hoeber, 1948 
Price, $7.50. 

Ix the preface Dr. Evans states that this 
book was written for medical students in 


preparation for higher examination and_ for 
practitioners. It not intended to 
with standard text-books. The sub- 
is large and the discussion 
Physiological and pathological aspects 
of heart disease are considered briefly and 
many American electrocardiographic aspects 
of myocardial infarction are lacking. The 
roentgenographic coverage is excellent. I do 
not believe that this work sufficiently 
detailed. The book is clearly written, is well 
printed and is excellently bound. H. F. 
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DIsEASES OF THE LIVER, GALLBLADDER AND 
Bie Ducts. By S. S. Licutman, M.D. 
Ass’t. Prof. of Clinical Medicine, Cornell 
Univ. Medical College. 2d ed. Pp. 1135; 147 
ills., 4 in color. Phila.: Lea & Febiger, 1949. 
Price, $18.00. 

Tuts textbook is a comprehensive work 
dealing not only with the diseases, as_ its 
title suggests, but also with the anatomy and 
physiology of the liver and biliary structures. 
In addition it covers the modern techniques 
for the study of hepatic and biliary diseases 
It has been effectively revised and “the ma- 


n H. 
| it 
sf ) 
I 
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terial is presented in better order than in 


the original edition. An exhaustive number of 


available at the conclusion of 


references 1S 


ich chapter 
The great amount of knowledge that has 
been accumulated during the past decad 
oncerning he patitis is strikingly demon 
strated by comparing the brief discussion 


ot the possible etiologies of catarrhal jaundice 
lst edition with the 104 page chapter 
on viral hepatitis in this on 
tests 2 


ways 
arate chapter concerned with their technical 


n the 
Liver function 


are covered in first, in a sep- 


and physiological aspects; second, with their 
applic ition to specific diseases 


The book will be of great value to anyone 
interested in liver disease from either the 
linical or the investigative point of view 

W. S 
MepicAL ETYMOLOGY By O. H PERRY 

Pepper, M.D., Prof. of Medicine, Univ. of 
Pennsylvania Pp. 263 Phila.: W. B. Saun 
ders, 1949. Price, $5.50 


Every medico—student or M.D.—should be 
| sed to this novel work Once past a 
necessarily repelling title, many more than 
the followers of semantics will soon find 


h of 
proceed 
comb propor- 
tion and practicality with a dexterity of pres 
entation 


to lead them to 
well-known 


or value 
The 


an excellent sense of 


interest 
further 
nation of 


enoug 


author's 


ind lightness of touch is in welcome 


ontrast to the usual medical text. Humor 
happily keeps breaking through (cp. the 
remarks on rigor, phrenic, prognosis, ‘xero 
stomia, morgue, to mention but a few). One 
thinks, too, of his address at the dinner of 
the Association of American Physicians in 
1948 

The “Verb sap.” of the book’s motto is 
more apt to be sufficient after a deviously 


derived meaning has been explained in this 
than it is to the 


rect translation of 


linguist who h iS a cor- 
but 
( p epithe lium 


its components 
totally incorrect definition 
Nevertheless the 


rd usually gives a correct idea of its mean- 


etymology of scientific 


g and in any case affords a convenient peg 
ciation to aid the memory burdened 

by flood of new and forbidding terms. To 
digress a little further, the layman is wrong 


€ xcusably so when he 


thougn 


pe rhaps 
cuses the doctor of professional pomposity 
when he resorts to polysvllables to express his 
ng. Who would deny that it is « 
the physician to speak of, let 
choledochojejunostomy” instead of 


ean 


fo! 


i 
us Say, 
“the 
operation of making an opening between the 


bile duct and the empty part of the bowel?” 


AND NOTICES 


in disc laiming 
His 


could 


Dr. Pepper is over-modest 
originality and completeness of material 
approach is original and such a work 
neve! be compl te 
The 1000 


SOME 


less than terms are presented in 
15 and 20 categories Anatomy 
but all can be 


found with the help of the good index. One 


such iS 


Psychiatry, Radiology readily 


inevitably misses some words which could 
profitably have replaced others that have 
obvious meanings derivations Or are eXCeS 


little from words that 
Inevitably 


derivations or 


vary but 
included 


disagrees with 


ly rare or 


have been ilso. Ore 


points ot 


view, such as that on the use of eponyms but 
at the same time one is impressed with th 
author's knowledge of words and _ their his 
tory what mounts to the thing 


such knowl 
that his continued interest 


his ability t ver and utilize 


edge We ( in | ype 


will lead before long to another bigger and 
even better edition | kK 

HipPOKRATES-F inet. Von Dr ved. RicHanri 
KAPFERER, Miinchen und Bad Worishofen 
Pp 355 Stuttgart Hippokrates-V erlag 


D.M 
the 


Marquardt & ( 1949. Pri 16.50 
lengthy translation of 
plete works of Hippocrates into idern Ger 

1934-1940), Dr. Kapferer has selected 
this Fibel, or Primer hundred 
passages that are calculated to throw light on 
the actual medical 


Fre mM his 


man 


several 


tor 


the wavs of thinking and 


knowledge of the Hippocratic School. The 
extracts vary in length from a single line te 
a page or more, and are grouped under 69 
headings such as the Oath; the Aphorisms 
Diet; Airs, Waters, Places; Hemorrhoids 

For the not inconsiderable number wlh« 
would like to know more ibout details of 
Hippocratic medicine but ar unable, or think 
they are unable. to find the necessary time t 
search through the Hippocratic Corpus, such 


ible 
that 


a book as 
to provide 
better 

The volume has an interesting 
Published and copyrighted by Marquardt & 
Co., of Stuttgart in 1948 


is better 


half loaf 


this 
th 
than none 


than its pare nt 
1S proverbially 


prove nance 


it was printed it 


Breda in Holland on war paper date not 
given), and reaches us for review 1949 

EK. 
StupIES ON Hookworm DISEASE IN SZECH 
WAN Province, West Cuina. By K. CHane 
and Co-workers. The American Journal of 
Hygiene Monographic Series, No. 19, May 


1949. Pp. 152: 34 figs. Balt 
1949. Price, $3.00 


Johns Hopkins 


Press 
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Laas ccurrence of hookwork disease in any 


opulation depends upon: 1, human infection 
il pollution; 3, an environment favorabk 
development ot intective hookworm 
in the 1, human contact with 
infected soil adequate to continue the 
host. In 
hookworm disease results from promis 


the 


soil, and 


its parts of the 


in 
rid 


many 


defecation by people near their houses 
other often frequented sites. In China, 
infection is of an 


of the farming popula- 


wever, hookworm more 


ip itional disease 


For in China human excrement is care- 


lly conserved and used as fertilizer. It is 
t much the use of human feces to fer- 
tilize crops that maintains the infection but 


irticular methods employed in planting, 
ition or harvesting. These methods may 
with the locality. Thus an understanding 
epidemiology and control of the para 
ist come from a complete study of 
iltural practices. In this monograph Dr. 
ind his associates have presente d their 

lies of hookworm disease and its control in 


irge and important province of China. The 


k is well written, adequately illustrated 
interesting account of their work 
H.R 


ARTHRITIS AND ALLIED Conprrions. By the 
BeRNARD IL. Comror, M.D. Edited by 


JOSEPH | M.D., Univ. of 
Pennsylvania ith ed. Pp. L108: 370 ills. 
Phila Lea & Febiger, 1949. Price, $16.00. 
luis edition of Comroe’s book on arthritis 
been completely revised and brought up 
date by Dr. Hollander of the University 
Pennsylvania Hospital. There are 17 con- 


ributors to this excellent book of over 1100 
es in which the illustrations and_ bibli- 
raphy are well chosen and carefully 
ened 
There might be some criticism of Part X, 
here the book departs from its chosen 
as a treatise on arthritis and considers 
letail such subjects as internal derange- 


nt of the knee joint, cervical rib, Dupuy- 
and others. While one may 
ipathize the Authors’ dilemma 
lineating the scope of this book, one would 
el that this chapter is almost wholly a dis 
ssion of orthopedic conditions, not directly 
lated 
n scores of other affections of orthopedic 


Ss contracture 


with in 


to arthritis, or at least no more so 


terest 
(he book, however, represents a valuable 
ntribution, and the editor and his associates 


serve high praise. 


GO] 


AND NOTICES 
NUTRITION AND Dieter iN’ HEALTH AND 
Diseasrk. By James S. McLester, M.D., 


Prot. of Medicine, Univ. of Alabama. 5th 
ed. Pp. 800. Phila.: W. B. Saunders, 1949. 
Price, $9.00. 

Tue late world conflict and its associated 
dislocation stimulated a considerable volume 
of research in human nutrition. The results 
of much of this work have been published 
since the last edition of this book appeared 
6 years During the same period there 
have been significant studies of dietary fac 
tors in the macrocytic anemias, in cirrhosis 
and other diseases of the liver, in antibody 
formation, and in surgery and wound healing. 
Professor McLester has rewritten much of 
the book to bring it into line with the newer 
points of incorporated new 
material in appropriate parts of the text. The 
chapters, Feeding of Infants by Professor 
Philip Jeans, and Nutrition in Industry by Dr 
Robert S. Goodheart also have been rewritten. 
A new chapter, Feeding of Surgical Patients 
by Dr. Charles C. Lund, added 
This edition compares well with earlier ones 


H.R 


ago 


view or has 


has been 


NEW BOOKS 


Help Yourself to Better Sight. By Marcaret 


Darst Corperr. Pp. 218. New York: 
Prentice-Hall, 1949. Price, $2.50. 

WriTTEN in support of the Bates system of 
improving vision by relaxing. 

Headaches. By Noan D. Fasricant, M.D. 
Pp. 149. New York: Farrar, Straus, 1949. 
Price, $2.50 

luis is as useful as such books for the layman 


can be in answering baffling questions where a 
visit to the physician is not needed, and in steer- 
ing the patient to him when it is. 


Fundamental Considerations in Anesthesia. By 
Cuarves L. Bursterx, M.D., Instructor in 
Anesthesia, New York Univ. College of 
Medicine. Pp. 153. New York: Macmillan, 
1949. Price, $4.00. 

In this small book, the author attempted 
to discuss many of the main problems that beset 
the anesthesiologist such as abnormalities of respi- 
piration; physiological and 

the patient in 

arrhythmia and 

Unfor- 


has 


laryngeal spasm; 


pharmacological considerations of 
shock; celias ple xus reflex; cardiac 
reactions. 


gastro-intestinal autonomic 


tunately, many of the statements that are made 
are undocumented and the discussions are too 
brief to be of real benefit. However, the subject 


matter should be thought provoking to the student 
of anesthesiology. J. E. 


George R. Minot Symposium on Hematology. 
Edited by Damesuek, M.D., and 
F. H. L. Tayvtor, Ph.D. Pp. 984. Illus- 
trated. New York: Grune & Stratton, 1949. 
Price, $12.00. 
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Medical Clinics of North America. New York 
number, May, 1949. Symposium on Cardio 
vascular Diseases, especially Hypertension 
Pp. 607-922. Phila.: W. B. Saunders, 1949 
Price, $15.00 a vear 


IN this review the coverage of the practical 
pects of hypertensive disease is at times incom 
plete in that some of the newer drugs have been 


mitted from the discussion on treatment. How 
ever, it is the Reviewer’s opinion that the svm 


posiun is to be favorably recommended It is 

useful in concisely presenting a discussion of the 

iriable clinical course of hypertensive disease 

This includes psychosomatic factors, role of the 

carotid sinus, organic vascular disease manage 

ent f the hypertensive disease of pregnancy 

i the controversial subjects of capillary fragility 

w sodium diet in clinical hypertension. The 

erits of various types of sympathectomies are 
discussed 


rhe Yearbook of Psychoanalysis. Edited by 
SaNpDoR LoRAND, M.D. Vol. I\ Pp. 356 
New York: International Universities Press 
1949. Price, $7.50. 
['WENTY-TWO unrelated articles by as many 


authors, together with 2 pages of selected reading 


Psychosexual Development in Health and 


Disease. Edited by Paut H. Hocu, M.D 
ind JosEPpH ZuBIN, Ph.D., Columbia 
Pp. 283. New York: Grune & Stratton 
1949. Price, $4.50. 


Your Child Makes Sense. By Epvirn BuxpaumM 
Ph.D. Foreword by ANNA FreupD Pp. 204 
New York: Internat’] Univ. Press, 1949 
Price, $3.25 

Psychodiagnosis By Saul ROSENZWEIG 
Ph.D., Assoc. Prof., Psychology and Neuro 
psychiatry, Washington Univ., St. Louis, 
Mo., and Kate Levine Kocan, Ph.D. Pp. 
380. New York: Grune & Stratton, 1949 
Price, $5.00 

[ne psychodiagnostician relies in his work on 
tests which have been standardized This book 
phasizes the concrete materials and operations 


AND NOTICES 


t the clinical psychologist rather than abstract 
principles of psychology. Illustrative case-histories 
ire included. The book will be found to be both 
informative and «useful 


W.P 


NEW EDITIONS 


Papers on Psychoanalysis. By ERxnest JONES 
M.D. 5th ed Pp. 504. Balt.: Williams & 
Wilkins, 1949. Price, $8.50 


Ilematology. By M. M.D 
Prof. of Internal Medicine, Univ. of Iowa 
With a Chapter by Ermer L. DeGowrn 
M.D. 2d ed Pp. 535; 184 ills., 8 color 
plates. New York: P. B. Hoeber, 1949 
Price, $8.50 


AMONG the idvances record this edit 
ire “The use of folic acid m various diseas 
particularly sprue the use f urethane in th 
treatment of leukemia and of nitrogen mustard 
the lymphomas; the use of radiophosphorus in 
the treatment of polycythemia and leukemias ; 
DeGowin'’s completely revised chapter on Trar 
fusion wives i consideratior the Rl 
factor and other | groups 


Fundamentals of Internal Medicine. By Wat 
LACE Mason Yater, M.D., Director. Yater 
Clinic; formerly Prof. of Medicine, Georg: 
town Univ., etc. 3d ed Pp. 1451; 315 ills 
New York: Appleton-Century-Crofts, 1949 


Price, $12.00 


IN these dav vhen it is practically impossible 
for standard textbooks t keep up t 
date, this new edit through m erous correc 
tions and additions cessfully a s congenita 

bsolescence. Ih neral, it adheres to the author 
original plan of presenting ‘“‘the nimum amount 
of knowledge ot linical med ne a medica 
student r gene practitioner hould have 
While such a text offers less to the post-graduate 
student or specialist, it probably has its place ir 
teaching and se¢ to be liked by those fo 
whom it is intend l H.Z 
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